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or in = 
CABLE TOOL HOLES 
where 
ho mud column exists 


In 1831 Faraday made one of the most im 
portant electrical experiments in history when he 
discovered the operation of the induction coil 
The ignition systems of our modern automobiles 
remake this Faraday experiment for us countless 
times each day 

In 1855 Maxwell developed the mathematical equations for the Faraday 
induction coil experiments and, as a result, the electromagnetic wave theory 
was born. In less than 100 years man has harnessed electromagnetic wave trans 
mission in many ways. The wireless telegraph was developed into the rad 
After radio came radar and television 

In 1946 Schlumberger adapted electromagnetic wave transmission to ec 
measurements for the first time by means of the Induction Log. The develog 
ment was undertaken in order to obtain precise electrical measurements in 
base muds, or in cable tool holes which have no mud column. Conventional re 
difficult and sometimes imp ble to obtain under such conditions because electr 
the formation is uncertain 

if you are faced with the problem of obtaining a satisfactory survey in either o 


a well drilled with cable tools, call your Schlumberger Engineer for further ir 


Schlumberger, is a 


am of research 
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MBERGER WELL SURVEYING CORPORATION e HOUSTON 








ico 


IS “CRACKING” PRODUCTION RECORDS 


A growing n r of wells have responded with remarkable 
success to Howco’s Hydrafrac service. There is no doubt but 
that well owners have available here a proved means of 
reasing production; with very profitable returns... Howco's 
irafrac service is a method of hydraulically fracturing the 
ucing formation, creating new and greater permeability 
within the zone being treated. This method was first used su 
cessfully in old wells to recover additional oil reserves and 
increase the production rate. Now it is also well established as 
a new completion method —and is more economical and con- 
venient while the drilling rig is over the hole... Thorough 
| our well by Howco will indicate whether or not 
ydrafrac Service can help you crack production records. 
Telephone your nearest Howco representative. 


THERE'S NO SUBSTITUTE FOR EXPERIENCE IN OIL WELL CEMENTING”™ 





HALLIBURTON OIL WELL CEMENTING CO. 


DUNCAN OKLAHOMA 
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AXELSON FIRST CHOICE FOR PETROLEUM PUMPING EQUIPMENT 


UNQUESTIONED 
RELIABILITY 
AND ASSURED 


PERFORMANCE 


For nearly 60 years Axelson 
has consistently applied 
performance-proved 
manufacturing know-how to 
oil field pumping problems . 
— that’s why experienced 

illeuh producers specify 
Axelson Sucker Rods as 
First Choice for any 1 
well condition. t 








ASK AN AXELSON EXPERT 























AXELSON MANUFACTURING CO. * PLANTS—Los 
Angeles 58; St. Lovis 16 * offices —New York City 7 











Tulsa 1; Buenos Aires, Argentina; Caracas, Venezuela * 
\\ 
\ DistRIBUTORS — Jones & Laughlin Supply Co; Great 
Northern Too! & Supply Co.; Industrial Agencies, ltd 





"San Fernando, Trinidod B.W.1.; Industrias Waldrip & 
Compbell, Barcelona & Maracaibo, Venezuela; Domin 
ion Oil Field Supply Co., ltd., Calgary, Canada; South 
American Supply Co., Avenida Tacna 592, Lima, Peru 
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water, oil, or hole temperature. 


and 


Y Uare MORE Positive of an Accurate Record of Well 
Bore Deviation with . . . 


“SURE SHOT”’ 
SOLD! . +.» not rented 


at 


LESS cost by a yearly comparison to rental 
tools. 








Do you want “Sure Shot’’ for MORE or LESS? 


The only Deviation Recording instru- 
ment sold outright (not rented) in both 
domestic and foreign fields. Shipped di- 
rect with operating instructions incla 
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A-1 BIT & TOOL COMPANY 


2000 HUSSION STREET e BOX 2133. e CHarter 7611 * HOUSTON 
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On the Cove 


depths) to which oil searchers will go for their product can be found than that por- 


No better illustration of the lengths (or in this case the 


trayed on this issue’s cover. This lonely scene near Rock Springs, Wyo., is marked 
dramatically by Superior Oil Co.’s Pacific Creek No. 1 well, an ill-fated venture 
abandoned at 20,521 ft. That man can drill a hole nearly four miles deep is a tre- 
mendous accomplishment. The achievement, however, would be further gratifying if 


oil were at the bottom of the hole. 








BW. 
““SCRATCHERS 


“9 _ ‘AND mr 


faced 


FOR 


B-W LATCH-ON 
CENTRALIZERS 








with the NEW 


KON-KAVE BOW 














June, 1951 


JOURNAL OF PETROLEUM TECHNOLOGY 


BW Multi-Flex 
Scratchers 


i// 


are a GOOD Combination 
for a GOOD CEMENT JOB! 


WEST. COAST 
Long Beact slifornia 
CULF COAST 

Houston 12, Texas, Pr 


SECTION 1 


| 

















General view, Gulf Oil's Waddell 
natural gasoline plant, Crane County, 
Texas 
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Nine Clark BA-6, 1200 bhp, gas- 
engine-driven compressors handling all 
gas compressing requirements in Gulf's 
Waddell, Texas plant. 








For compressing 40,000,000 cu. ft. of gas 
per day under difficult conditions at 
Gulf Oil’s Waddell, Texas plant, 


Clark Compressors were given the job 


Compressing 40,000,000 cu. ft. of raw gas per day from 20 psig. suction to 
600 psig. discharge pressure is a man-sized assignment under any circum- 
stances. But, at Gulf Oil Corporation’s Waddell gasoline plant, conditions 
present a real challenge ...a particularly tough one . . . and Clark Compres- 
sors were given the job! 

For here, in Crane County, Texas, Gulf is working with a two percent 
hydrogen sulfide gas. And Gulf is drawing this gas (containing 980 Ibs. of 
water vapor per million cu. ft.) from seven different fields . . . a condition 
which naturally involves considerable variation in the composition of the 
stream and is bound to affect the constancy of operating results, 


So, as one would expect, a complex problem was faced in meeting the 
three-compression-stage requirements. But the fact that Gulf is experiencing 
highly satisfactory performance from Clark Compressors in other installations 
... the fact that Clark “Big Angles” are widely known for their great flexi- 
bility of compressor cylinder staging —- their smooth, flexible operation 
under varying pressure conditions — their super power and compactness 
that effect savings in building, foundation and maintenance — all played a 
part in Gulf's decision to go to Clark! Nine Clark 2-cycle, BA-6, gas-engine- 
driven compressors, 1200 bhp each, are doing the job with eminent success. 


Complete data and literature on Clark Compressors are obtain- 
able from your nearest Clark representative. 


SEE the difference in 


CLARK BROS. CO., INC. One of the Dresser Industries OLEAN, N. Y. 


New York @ Tulsa @ Houston @ Chicago @ Boston @ Washington @ Los Angeles @ Birminghom @ Detroit @ Salt Lake City @ Son Francisco 
London @ Paris @ Varese, Italy @ Buenos Aires @ Corocos, Venervela @ Limo, Peru @ Bogota, Colombia e New Delhi, india 





Professional Services 


Thies space available only to AIME members. 


Rates upon request. 





AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oi] & Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 
406 KFH BLDG., WICHITA 2, KANS. 


FITTING, FITTING & JONES 


Engineering & Geological Consultants 


Petroleum Natural Gas 


Box 1637 


223 S. Big Spring St. Midland, Texas 
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a Pra mcg they ow ey 
Recovery 


6 





CHANUTE, KANSAS 

















BERGER AND PISHNY 
Consulting Geologists and Engineers 
901 Commercial Standard Bldg. 

Fort Worth 2, Texas 
Walter R. Berger Chas. H. Pishny 
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Shell Building 
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614 S. HOPE STREET, LOS ANGELES 17, CALIF 
Telephone: VanDyke 4659 




















JOHN G. CAMPBELL, CHEMIST 


Licensed for 
Fluorometric Analysis of Well Cuttings 
Podbielnick & Charcoal Analyses 
Waters - Oil Field Brines - Cores 
CORPUS CHRISTI, TEXAS PHONE 4-5612 


HAMILTON AND CHOMBART 


Well Log Consultants 
Wright Building 
Tulsa, Oklahoma 

Electric Log Analysis and Review 
Interpretation 
Oklahomo-Kansas log Analysis Service 
log Analysis Conferences 
Phones 3-7055 — 7-1825 
DR. R. G .HAMILTON L. G. CHOMBART 


WALTER ROSE 


University Station 
AUSTIN, TEXAS 


Box 1581 




















CHEMICAL & GEOLOGICAL 
LABORATORIES 
Cc ltonts Investigati Evaluati 
James G. Crawford 
H. E. Summertord 


F. Raymond Wheeler. Petroleum Engineer 
P. O. BOX 279 CASPER, WYOMING 





Chemical Engineer 
Petroleum Geologist 


RICHARD V. HUGHES 
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Mining Building Stanford University 
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~ SPEED and ACCURACY 


in directional surveys 


On 


FOR CASED OR UNCASED HOLES with 
SURWEL Multishot Surveying Service 





THE SPERRY-SUN SURWEL is the only directional well survey- 
ing instrument that can be operated on a line inside the 
casing. That’s a timesaver because wells can be surveyed 
while waiting on cement to set after running casing. 
When operating on a line only about 30 second stops 
are required for each record. 

If preferred SURWEL can be run on drill pipe. 
Here again it is a timesaver because the survey can be 
made at normal operating speed. 

The design of the SURWEL makes it possible to 
use it where heat is so great that other instruments fail. 
The length of the instrument insures accurate alignment 
in the hole. 

SURWEL surveys are fully computed including 
vertical depth correction. The Service Report includes 
a horizontal projection of the course of the well, the 
film records and original computations. 

SURWEL (Gyroscope) Multishot Surveying Service 
is your assurance of accurate, fast directional surveys 
by efficient, specially trained crews. 
































SPERRY-SUN WELL SURVEYING COMPANY 


3118 BLODGETT AVENUE HOUSTON, TEXAS 





FEASONS wny 
BLACK MAGIC 


is the only oil base drilling fluid 
you should use 


It is generally conceded today 
that oil base muds are superior to 
water base muds for drilling into the 
producing zone. Permanent damage 





to the oil formation by waterblock- 
ing (Jamin action), mudding off or 
swelling of clay particles caused by 
water filtrate, has been eliminated 
by the use of a good oil base mud. 
= Greater production for the entire 
life of the well has been the rule. 

But not all oil base muds are alike. They differ in their 
composition and especially in the scope of their performance. 
Black Magic was the first successful oil base mud to be 
commercially available. It has had the advantage of nine 
years of continuous service and has set the pattern for 
others to follow. Only Black Magic meets all of these 
6 requirements. We urge you to perform your own tests 


whenever possible under actual well temperature conditions 





and not be misled by claims that are unsubstantiated. 


Write for details and a free copy of the Black Magic Handbook. 


OIL BASE, UNC. main office and PLANT: 130 RIS ST, COMPTON, CALIF. 


BLACK MAGIC + WHITE MAGIC - OB GEN - OB GEL - CHEMICAL “¥” - CHEMICAL “X” - OB ZERO - O8 MIX FIX + O8 WATE - O8 HEVYWATE - OB MUD GUNS + OIL BASE HAND CLEANER 





SINCLAIR RESEARCH LABORATORIES 
the most modern testing equipment 


many of today’s most important developments in the field of petro- 


An Open Door to Inventive Americans 
Who Need Laboratory Facilities 


nine buildings containing 
known 


have contributed 


leum products, production and refining. Under the Sinclair Plan, 
the available capacity of these great laboratories is being turned over 
to work on the promising ideas of inventors everywhere. 


The SINCLAIR PLAN will open up the Company's great laboratories 
to every American who has an idea for a better petroleum product 


ROAD BLOCK stands in the path of 

American inventiveness today 
the need for large and expensive labora- 
tory facilities in developing and proving 
out new ideas. 


it Is 


This was no obstacle in our earlier 
days. Eli Whitney built his cotton gin 
with homemade tools in a barnyard. In 
contrast, 
nylon took ten years of research time 
and 70 millions of dollars. 

In short, the man with a new idea 
today bumps up against our complex 
technology and often finds that he is at 
a loss to prove out his invention without 
the help of great laboratories and an 
army of specialists. And how can the 
individual get the use of such facilities? 

To break down this road block to out- 


the recent development of 


side invention within the petroleum field, 
we offer the Sinclair Plan 

The Sinclair Research Laboratories at 
Harvey, Illinois, have nine modern build- 
ings equipped to handle every phase of 
petroleum research 

If you have an idea for a better petro- 
leum product or for a new application of 
a petroleum product, you are invited to 
submit it to the Sinclair Research Labora- 
tories, with the provision that each idea 
must first be protected, in your own 
interest, by a patent application or a 
patent. 

If the directors of the laboratories 
select your idea for development, they 
will make, in most cases, a very simple 
deal with you: In return for the labora- 
tories’ investment of time, facilities, 


money and personnel, Sinclair will receive 
the privilege of using the idea free from 
royalties. This in no way hinders the 
inventor from selling his idea to other 
companies or from making any kind of 
arrangements he wishes without further 
reference to Sinclair. 

How to Participate 
Instructions on how and where to submit 
ideas under the Sinclair Plan are con- 
tained in a complete Inventor's Booklet 
that is available on request. Write to the 
office of the Executive Vice-President, 
Sinclair Research Laboratories, Inc., 
630 Fifth Avenue, New York 20, N. Y. 
for your copy of this booklet. 

IMPORTANT: Please do not send in any 
ideas until you have sent for and received 
the booklet of instructions. 


SINCLAIR—A Great Name in Oil 
































PRODUCTION POTENTIAL INCREASED because Dowell 
XM Acidizing Service reduced silicate swelling 


. is available to 
you for the profitable acidizing of formations known 
to contain such silicates. 

A well completed in a Permian lime formation, 
known to contain swelling silicates, tested natural 


Dowell Acidizing Service offers you the benefit of 
19 years of extensive research and the experience 
gained in over 100,000 acidizing jobs! When you 
“Look to Dowell” you get the right acidizing treat- 
ment in your completion or work-over program. 


For example, Dowell’s experience has shown that 
some silicates, those of the clay mineral type found 
in certain dolomite and limestone producing forma- 
tions, swell during conventional acid treatments. 
This silicate swelling not only delays the clean-up of 
the well after acidizing, thus increasing rigtime, but 
also can actually reduce oil production. Dowell 
research tackled the problem and solved it. Now, 
Dowell XM acid . . . which contains special chemical 


DOWELL 


ACIDIZING SERVICE 


agents to control silicate swelling . . 


at 65 barrels of oil per day. Although acidizing 
treatments on comparable wells in the area had 
never given a potential over 100 barrels of oil per 
day, a 2000 gallon Dowell XM acid treatment 
produced a potential of 300 BopD! 

Today, Dowell is still pioneering new techniques and 
new materials to bring you advanced methods for 
completing and reworking oil and gas wells. When 
you need an expert acidizing job, call on Dowell to 
give you the best. There is a Dowell station near you. 

DOWELL, INCORPORATED 


TULSA 3, OKLAHOMA 
Subsidiary of The Dow Chemical Company 





Locka 





Ask your nearest Dowell station for complete information on these Dowell services and products 


Acidizing Service, Electric Pilot Services, Plastic Service, Chemical Scale Rem 


1S 


heat exchange equipment, Jelflake, Paraffin Solvents, Magnesium Anodes for Corrosion Control 


and Bulk Inhibited Hydrochloric Acid 


“First in Acidizing ... since 1932” 








FOR Oil INDUSTRY CHEMICAL SERVICE 


Editorial Cet 


“The Drill Is The Final Arbiter” 


HIS IS a special issue of PerroLEUM TECHNOLOGY, pub- 

lished as such to focus attention on recent changes in our 
technical functions which will broaden and strengthen the 
Petroleum Branch. The expanding scope of our members’ 
professional work has created the need for a division of our 
activities, and this has been satisfied by dividing our technology 
into the three basic fields of Drilling, Production and Natural 
Gas. 

The Branch committee responsible for selecting technical 
papers for presentation and publication has been called the 
“Production Technology Committee” in recent years. Now 
it is simply the “Technology Committee,” headed by a chair- 
man, with divisions in each of the fields of Drilling, Produc- 
tion and Natural Gas, headed by vice chairmen. The hope is 
that this structure will result in a properly balanced division 
of our work into these primary fields. Committee officers for 
1951 are: Earl M. Kipp, chairman; Jack Abernathy, vice- 
chairman for Drilling; Henry L. Waszkowski, vice-chairman 
for Production; and E. G. Trostel, vice-chairman for Natural 
Gas. 

We chose to make this a “drilling” issue to emphasize the 
fact that many members of the Petroleum Branch are engaged 
in drilling and completion work as an inherent function 
of their profession. In a study conducted in the spring of 
last year, 23 per cent of our members indicated drilling as 
their primary technical interest and activity. Since only three 
per cent of the Branch members are classified as drilling 
executives or engineers, the logical conclusion is that many 
members classified as Petroleum Engineers are engaged in 
drilling as their primary work. 

The same study indicated that 57 per cent of the Branch 
members are interested in Production as shown below: 

Per Cent 
Production research 
Reservoir engineering . 
Production, headquarters 
Production, field 


HIS STUDY was not refined enough to give 

classifications of all phases of our work, but the break 
down above illustrates that 29 per cent of our members are 
engaged in production in the field and headquarters. Coupled 
with the 23 per cent engaged in drilling, this makes some 52 
per cent of our members engaged in the operational phases 
of petroleum engineering. 

The study also revealed that about two per cent of our mem- 
bers are engaged solely in natural gas engineering. This activ- 
ity is actually inseparable from production research, reservoir 
engineering, etc., however, and the figure of two per cent is 
probably too low. It has been gaining in importance and rec- 
ognition during post-war years as larger gas reserves and 
markets have been developed. The Natural Gas division of 
our Technology Committee was established to place appro- 
priate emphasis on this growing phase of our work. 

During recent years, membership demand for “practical” 
or “operational” papers has been widely voiced. The term 
“practical” as used here means papers or information that 
the member-engineer can apply in the daily execution of his 
work. Although it includes papers on research and reservoir 


precise 
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subjects, it apparently means that more emphasis should be 
placed on the drilling, mechanical and production practice 
topics of current value. The most commonly advanced reason 
for this demand is that most engineers have little need to 
keep up their abstract mathematics, and have little occasion 
to apply personally what they learn from such papers. Appar- 
ently this arises from the fact that about half of our members 
are engaged in the operational phases of drilling and pro- 
duction. 

A tabulation of all technical papers published in our Trans- 
actions from 1941 through 1950 is given below. This rough 
classification was done by paper titles only, and upon thorough 
examination quite a number of papers would be reclassified. 
Nevertheless, the tabulation serves to illustrate the broad out- 
lines of our publications program during the past decade. 

Number of 
Subject Papers Per Cent 
Drilling and Well Completioning: 

Equipment, methods, materials, 

practices 28 
Logging: Electric and Radioactivity 17 

Sub total 
Phase relations and PVT data 28 
Reservoir engineering 
Reservoir performance and field 
studies 
Core analysis 
Sub total 
Production engineering: 

Methods, equipment, practices 
Natural Gas Technology 
Offshore operations 
Miscellaneous 

Sub total 


Total 278 100 


Q* THE basis of the present classification of the Branch 


membership, our publications program has been some- 


what heavy on the side of research and reservoir-subject 
papers. This is not as inappropriate as it might first appear, 
because as a technical society we have an obligation to carry 
on progressive education, and this is done by reporting the 
results of research. However, the above analysis does serve to 
explain the membership demand for more “practical” papers. 

This editorial is not intended as a criticism of our past or 
present publications program. It is presented to explain why 
our technical program is now undergoing a change. Unques- 
tionably, there will be further changes as engineering meets 
the requirements for deeper drilling, and as the problems of 
production, reservoir and natural gas engineering develop. 

An excellent analogy can be drawn from the statement by 
E. L. DeGolyer,’ in speaking of oil prospecting, that, “The 
drill is the final arbiter!” (italics ours). 

So it is with a professional society. The voice of the mem- 
bership is the final arbiter of our work. This voice must be 
continually expressed and acted upon for progress in our 
technology. 


E. L. DeGolyer How Men Find Oil,” Fortune, (August, 1949), 97. 
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Penetration Rates for Directional Drilling Operations 


By Gordon Jackson 
Eastman Oil Well Survey Co., Member AIME 


INTRODUCTION 


The purpose of this paper is to report the results of a study 
to study the 
tional drilling operations undertaken and completed during 


made primarily as a project progress in direc 


the past two and one-half years. During this period of time 
special records were kept so that the data when compiled could 
be presented in a short, significant, and useful manner. All 
field 


will, for the purpose of this report and in respect to the lim 


the information was gathered on an area or basis but 


ited space, be submitted compiled on a larger, more regional 


basis. 


VOLUME OF DIRECTIONAL DRILLING WORK 


\ conservative appraisal of the total amount of supervised 
directionally drilled hole drilled by 
Service companies in the United States during the year 1949 
Shows the figures to be in the neighborhood of 725,750 ft. 
During the first half of 1950, however, the directional drilling 
increased to a yearly rate in excess of 1,000,000 ft of deviated 
hole. The complete data on all of the directional wells drilled 
Was not available as the directional drilling work was super 


all directional drilling 


vised by many different companies and many times carried on 


after the directional drilling supervisor was released. The 


curves and data which are illustrated in this paper represent 
405 directional 
wells totaling approximately 991.485 ft of directionally drilled 


the actual experience gained from averaging 


esented at the Fa 


New Orlear La., Oct. 4-4 


This paper was pr 


Meeting of the Petroleum Brane! 
AIMI 19 





ren Om 


Pom TRATION ATE FEET 


FIG DIRECTIONALLY DRILLED AVERAGE PENETRATION RATE, FT 
PER DAY TO 10,000 FT, DOWNTIME EXCLUDED. SOUTHERN LOUISIANA 
AREA. 


14 . « SECTION 1 


JOURNAL OF PETROLEUM TECHNOLOGY 


lole on which definite records were kept during the period 
from January. 1948. to July, 1950. The records had to include 
complete time breakdowns to be valuable to this survey. The 
regional distribution of the wells included in this analysis are 
as follows: California, 267; Texas Gulf Coast, 54; Louisiana, 
84; total, 405 

rhere was no attempt made to weigh or separate any of the 
and all 


jobs in excess of 500 ft in length which were supervised by 


original drilling reports true control or directional 


directional engineers were used in the study. The only vari- 
ance from this policy is in the curves used for the Gulf Coast 
area where greater than normal improvement in directional 
drilling rates had been experienced in the last two years. The 
curves and records for this area are in the main divided into 
three groups because it has been felt that the caliber of the 
work now being accomplished in this area should be fairly 
shown and not tempered by work experienc ed even such a 
short time ago as two years. Therefore, the Gulf Coast records 
are dated with the calendar periods in which the wells used 
drilled. 


in the survey were 


IMPROVEMENT IN DIRECTIONAL 
PENETRATION RATES 


DRILLING 


that a carefully 
although somewhat more difhcult to drill, 


and 


Engineers in general consider con 


trolled slanted hole 


now 
is as mechanically 
Therefore. if the 

straight wells are comparable and all other factors considered 


perfect as a well drilled straight 


mechanical considerations of slanted 


equal, the best index of directional drilling performance is 
the penetration rates of the wells being drilled in the area 
study 


under For many years it was the general opinion that 


directional drilling was hopelessly slow. but by applying 


straight hole methods to directional work and developing spe- 
tools methods, the 
to where many applications for directional programs are eco- 
feasible. This 
expense of quality as 


cial and penetration rates have increased 


nomically increase has not been made at the 


recently requirements for directional 


control are more rigid than ever before. 


Fig. | 


tration for the 


this 
Southern 


illustrates improvement in the overall pene- 
Other 


shown a like improvement, but this part of the Gulf Coast area 


Louisiana area. areas have 
has shown the trend much more clearly and is therefore used 
as an example. The information in Fig. 1 has been based on 
all directionally drilled wells on which records were available 
make the 


have true significance as far as the penetration rate was con- 


during the years shown on the graph. To curve 


cerned, only the actual drilling time was compiled and aver- 


aged. Fishing. standby. and other lost down times were not 


counted in forming the averages shown in this graph so that 
variations in down time would not affect the actual penetration 
On the 


rate whole the lost time will not amount to more than 
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Here is a progress report, covering some two 


and one-half years of activity in directional 


drilling of 405 wells in California, Louisiana 
and the Texas Gulf Coast. 





that experienced on straight hole drilling. The averages shown 
on this curve are ft per day to 10.000 ft depth for approxi 
mately 100 wells. 

The improvement experienced in this area is shown to be 
63.5 ft per day, or an overall improvement of 40 per cent since 
1944. This steady progress will undoubtedly continue; and if 
this graph is extrapolated ahead one year. we could expect 
drilling 
The possible reasons for this marked trend are probably very 


rates to be in the neighborhood of 265 ft per day 


numerous, but foremost among them are the better engineering 
methods which were used, such as mud control, specialized 
drilling tools, ete.. 
to starting the actual directional work. 


and, most important, better planning priot 





MEASURED DEPTH IN FEET 





TiME IN DAYS 





FIG. 2 — COMPOSITE DIRECTIONAL DRILLING PENETRATION IN FT PER 
DAY, DOWNTIME EXCLUDED. SOUTHERN LOUISIANA AREA 
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MEASURED DEPTH IN FLET 


TIME IN DAYS 


COMPOSITE DIRECTIONAL DRILLING PENETRATION IN FT PER 
1950 AVERAGE, DOWNTIME EXCLUDED, SOUTHERN LOUISIANA 


FIG. 3 
DAY 
AREA 


DISCUSSION OF DIRECTIONAL DRILLING 
PENETRATION RATE CURVES 

The penetration rate curves for all areas used in this report 
are composite curves and were made in the following manner: 
Data sheets were set up so that all wells, drilling averages, 
and various time breakdowns could be tabulated. Averages for 
the drilling rate of each well for each 500 ft section drilled 
were calculated. Each of these individual wells averages were 
then re-averaged for each 500 ft section drilled and this figure 
in turn plotted according to depth to form the composite 
curves shown in this report. The data on these sheets include 
a complete study, such as down time, fishing time, logging 


time, ete.. and thus any type of curve for any area could 


readily be drawn. The curves in this report are true averages, 
regardless of the number of wells, at any depth for all wells 
drilled through that section, and it is most remarkable that 
these and in the main do not 


demonstrate sharp breaks. In compiling the data it was ob- 


composite curves are smooth 
served that the average curve for all wells was much closer 
to the curve representing the fastest possible well than it was 
to the slowest possible rate. The probable reason for the actual 
to the of the 
more recently directionally drilled wells encountered extremely 


average to be closer fastest rate is that most 


few mechanical difficulties and progressed very rapidly. 


It may well be that by compiling this type of data many of 
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DIRECTIONALLY DRILLED HOLE 


MEASURED DEPTH IN FEET 


FIG. 4— ACTUAL PENETRATION LOGS SHOWING COMPARISON OF 
DIRECTIONALLY DRILLED HOLE WITH STRAIGHT HOLE IN LOUISIANA 
GULF COAST 


our drilling problems can be divided regionally, rather than 
on a small area or field basis. If this is true, then this regional 
data would be very helpful in planning the directional drilling 


programs to fill in before an appreciable amount of drilling 


data would be available on a new field. 


new area broadened, the program could be retailored to fit 


As experience in a 


the new conditions. Also, data compiled on a regional basis 
is valuable in planning an isolated directional drilling job, 
which under present conditions, is generally undertaken on a 
purely experimental basis. 

The average penetration rate for directional wells drilled 
in Southern Louisiana has, as shown in Fig. 1, increased each 
year since 1948. In order to more clo-ely analyze the character 
of these increases the actual average drilling rate curves for 
each year are compiled and illustrated in Fig. 2. These clearly 
show that improvement in penetration rate has occurred at 
all depths and thus the improvement shown by the curves 
cannot reasonably be the result of the records from an isolated 
extremely fast drilling area. With the improvement so ev®nly 
spread to all depths one can assume that real concrete changes 
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in the drilling methods and the planning of directional work 
have been made on basically all work done. 

From 1948 to July, 1950, the curves for Southern Louisiana 
reduction in overall time needed to drill direc- 
tionally to 10,000 ft of 18 days which is an improvement of 
28.6 per Analyzing this another way, the industry in 


show a net 


cent. 
1950 as a whole saved 216 drilling days in Southern Louisiana 
over what it would have taken in 1948 to drill the same amount 
of slant hole 

\ comparison of straight hole penetration rates to direc- 
tionally drilled rates is difficult to make unless it is made on 
a well-to-well basis or by using average curves which include 
many representative wells of both types. Comparisons have 
been made in which the slanted hole time closely approached 
or was lower than the straight hole rate. A typical example 
of a recently drilled directional well is shown in Fig. 4. This 
example demonstrates a straight hole which was drilled to 
9,000 ft and an offsetting directionally drilled well on the 
deflection of 1,200 ft. drilled to the 
same total depth in nearly the same time. However, it is felt 


same platform with a 


the average well drilling rates will better illustrate the overall 
picture 
Fig. 3 is 


for directional wells drilled in the South Louisiana area during 


1 comparison of the average curve to 10,000 ft 


1950 with an average straight hole curve for the same general 


area. The data for the straight hole curve was furnished by 
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FIG. 5 — COMPOSITE DIRECTIONAL DRILLING PENETRATION IN FT PER 
DAY, SOUTHERN LOUISIANA AREA 
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three major oil companies and was compiled in the same 
manner as the directional curves and on approximately the 
same number of wells. Total time for both types of wells 
were used and no attempt was made to differentiate between 
down time and drilling time. The straight holes which were 


averaged were extremely fast and this particular curve is 


probably a very fast average even for straight wells. In the 


analysis there were directional wells which closely compared 
with the straight well average but when all the averages were 
taken, straight drilling time was found to be 10.5 per cent 
faster at 10,000 ft depth. 

The averaged penetration curves for all wells and all re 
gions are shown in Figs. 5 to 7. These graphs are self-explana 
tory and each includes a second or faster curve which is 
representative of what the drilling rate would have been if 
all down which occurred while directional 
was in force. such as circulating. cementing, fishing, standby 
etc.. were eliminated. Naturally, it is impossible to eliminate 
however, it could be investigated in 


time supervision 


all this time element; 
detail as a possible avenue for improvement in overall dire 

tional drilling time throughout the industry. Much of this 
time is possibly a result of directional operations and could 
be reduced. The lost time percentage in the California fields 
is the smallest of any area and is probably explained by the 
fact that the directional drilling operations are concentrated 


which allows a good opportunity for advance planning In 
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FIG. 6 — COMPOSITE DIRECTIONAL DRILLING PENETRATION IN FT PER 
DAY, TEXAS GULF COAST AREA. 
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MEASURED DEPTH IN FEET 


TIME i! DAYS 


FIG. 7 — COMPOSITE DIRECTIONAL DRILLING PENETRATION IN FT PER 
DAY, LOS ANGELES AREA 


California during the first six months of 1950, the non-drilling 


time was 12 per cent of the total, while in the Gulf Coast 


this time amounted to 16 per cent. 


THE ROLE OF DRILLING RATE CURVES IN 
PLANNING DIRECTIONAL PROGRAMS 


In general, the main elements in planning a directional pro- 
gram are choosing the section for the slanted portion of the 
well, the proper tools and special equipment, and the degree 
f accuracy required by the geological structure. All other 
factors, such as drift angle, hole size, casing program, cylinder 
size, etc., more or less are governed by these first three 
elements. 

Drilling time is ordinarily the greatest factor of cost and 
makes imperative a careful study of drilling records to pick 
the proper place to start and stop deflection work. The overall 
economic cost, including additional casing, may be less if the 
proper hole interval is used in obtaining the necessary devia- 
tion. If the required penetration information is at hand a rea- 
sonable decision can be made using drilling rate information 
in somewhat the following manner: If the straight hole data 
is high at the total well depth and the directional average is 
only comparable in penetration rate near the upper portion, 
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Advancement in Design and Technique 


of Rotary Fishing Tools 


By F. L. Scott, Jr. 


Brown Oil Tools, Inc. 


The Industry has come a long way since the days when “bulldogs” were used in fishing operations. Here, 
a man well versed in the history of fishing reviews and marks the advancements made in tool design. 


The art of recovering material lost or stuck in well bores is 
probably as old as the oil well drilling industry. The scope of 
this paper will be confined to improvements made in the basic 
types of fishing tools and the radical innovations that have 
taken place since the use of releasing spears and rotary over- 
shots made the “bulldog” and wire line types of equipment 
obsolete. 

To properly evaluate the equipment and techniques used, 
the classifications of work will be divided according to the 
operations involved. The first classification has to do with 
fishing work required while the well is being drilled. The 
second classification, which may actually comprise a modifi- 
cation of the first, involves the use of preventive equipment to 
reduce fishing operations while the wells are being drilled. 
The third classification involves the operations and tools em- 
ployed in retrieving production equipment after the well has 
been completed. 


DRILL PIPE RECOVERY 


In the middle °30’s an approved technique for removing 
stuck drill pipe from the hole employed a small fishing string 
and tools capable of going inside the drill pipe to cut the 
pipe and retrieve as much as was free. This was followed 
with “washing-over” operations, followed by external cutting 
to remove the portion freed by the rotary shoe and washover 
string. 


Locating the Sticking Point 

For the initial cut various rules of thumb and highly spe- 
cialized guess work based on long years of experience enabled 
most fishing tool operators to make a fairly reliable determina- 
tion of the stuck point in the drill pipe string. At best, the 
procedure was risky and in most cases maximum recovery 
depended more on the man and his techniques than it did 
upon the tool. 

In the early “40’s a system of nomographs was devised to 
graphically determine the sticking point from load and stretch 
measurements made on the rig floor. Several basic hypotheses 
used in these calculations necessarily limited the accuracy 
of any such system and an acknowledged error increased as 
the depth of the hole increased. This system gave at least a 
simple method of sticking point determination that did not 
involve long years of practice for its successful use. 


Outside Cutting Tools 

About the same time a screw feed outside cutting tool was 
developed to a point that gave an operating efficiency of 90 
to 95 per cent. The technique involved with this type of tool 
was fairly simple and the tool itself and not the operator 
was more responsible for a successful job than heretofore. 

Probably the highest development of technique was made 
by those men who operated weight-fed outside cutters during 
this era. These tools were operated by lowering the cutter 
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over the free pipe as far as was practicable and then lifting 
the fishing string to engage an overshot section of the tool 
with the collars or tool joints on the pipe. The cutters were 
fed mechanically by the applied weight into cutting engage- 
ment with the pipe. 

\ refinement of this type of tool used a spring drive below 
the overshot section that cushioned the upward pull and al- 
lowed some flexibility of operation. A further development in 
the weight-fed tool provided a spring-driven retarding mechan- 
ism for the knives to further cushion their cutting action and 
relieve them from shock. 

As can be well imagined, outside cuts below 10,000 ft with 
these tools required a great deal of delicacy and a high degree 
of care on the part of the operator. The principal advantage 
enjoyed by the weight-fed cutter lies in the fact that it can 
be built in a much thinner wall section than its more efficient 
screw-driven competitor. 

The screw-feed cutter owes its efficiency to the fact that 
application of load and cutting action are entirely divorced. 
Thus a relatively large upward pull could be taken to 
straighten the pipe in the hole before the cutting operation 
was begun without feeding the knives into the fish. 

Very keen competition was responsible for developing this 
equipment to the point where it was accepted on a near indus- 
try-wide basis as the most efficient means of recovering stuck 
drill pipe. These tools are in wide use all over the world and 
are probably still the best means for recovering stuck pipe 
in extremely difficult cases. 

Improvements in inside cutters during this time were not 
marked. The design changed but slightly. The screw-feed 
principle was never successfully applied to an inside tool and 
weight-driven cutters with cushioned spring drives are still 
used with only slight modifications of structure. 


Recent Advances 


In 1946 a device was introduced using the electronic strain 
gauge principle for locating the sticking point in drill pipe 
and casing strings. This was a material advancement in the 
field and gave operators an assurance they had never before 
enjoyed in actually locating the stuck section of the pipe. 

During the next year the successful application of an explo- 
sive jar blow to tool joint connections accompanied by left- 
hand torque began really to improve pipe recovery. Unlike 
the washover and cut technique, the back-off shot made it 
possible to retrieve all of the pipe from the hole without dam- 
aging any lengths by cutting or blowing them in two. 

The back-off shot and the electronic strain gauge worked 
so well as complementary tools that several companies have 
arranged, through license agreements, to make the tools avail- 
able to the industry as a unit. At the present time several 
companies offer the combined services. The .echnique of loos- 
ening threaded connections is, of course, an old one, but the 
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equipment for doing it successfully and repeatedly together 
with the advancement in techniques and equipment have made 
for the highest degree of efficiency in drill pipe recovery yet 
to be devised. 


PREVENTIVE EQUIPMENT 

Tool developments to provide preventive measures during 
this time were rapid. Most of this equipment was a wide 
departure from the conventional drill pipe safety joint. The 
advancement of drift indicators and single shot instruments 
for determining hole deviation played their part in keeping 
holes straighter to eliminate stuck pipe in “dog legs” and 
key seats and should be given full credit. Major improvements 
in drilling mud and drilling practices cannot be minimized 
under the heading of preventive tools and techniques. How- 
ever, the jar safety joint, drilling spline and key seat wiper 
have done their part in the mechanical prevention of drill pipe 
fishing jobs. 

Jar Safety Joint 

Ot these tools, the jar safety joint probably is the greatest 
single contribution, for it provides a means of instantly begin- 
ning fishing operations with the drill pipe in the hole. 

Whether the pipe is stuck on bottom, or is stuck while 
going in or coming out of the hole, this tool provides the 
driller with a rotary jar for exerting tremendous hammer 
blows up or down at the instant the pipe is stuck. It also pro- 
vides him with a means of swiveling his unstuck pipe while the 
drill collars are non-rotatably frozen in the hole. It further 
provides him with a bumper sub for springing the pipe up 
and down to produce hammer blows in either or both direc- 
tions. As a last resort it provides him with a floating safety 
joint that does not require the delicate weight adjustment of 
the conventional tool to disengage the free portion of the drill 
pipe above the drill collars. Another modification of this 
tool is found in the drilling splinejoint in combination with a 
safety joint which provides neither swivel nor jar but does pro- 
vide a bumper sub action in combination with a safety joint. 

The drill collar stabilizer or key seat wiper assists in many 
cases in removing key seats, ledges or other internal obstruc- 
tions to the safe removal of drill pipe and thereby has made 
its contribution as a tool and as a drilling technique. 

Another tool that has contributed greatly to prevent expen- 
sive fishing jobs while drilling is a modification of the old 
grip-ring which enables the operator to use his drill pipe as 
a kelly joint in carrying on immediate remedial operations at 
the time his pipe gets stuck. 

The tool consists of a spline joint which operates through 
a mating splined bushing set in the drive bushing socket of 
the rotary table. At the top of the splined joint there is a 
bowl and slip mechanism bult for engagement with the drill 
pipe. The slips are fed into position by a rapid-lead screw 
thread so that a tight gripping contact can be maintained 
even under the most severe applications of torque. The use 
of this tool in conjunction with the jar safety joint or the 
spline safety joint in most instances will prevent a major 
fishing job. The use of these tools in combination has saved 
the drilling industry an incalculable expense. 

The shaped charge, in as far as fishing operations is con- 
cerned, is still in its development stage and probably will 
take the place of open-hole shooting operations where dyna- 
mite was formerly employed to sever the pipe to allow its 
removal from the hole. Inside jet cutters using shaped charges 
are still being pioneered, and it appears that their successful 
use will some day be a reality. 


RETRIEVING PRODUCTION EQUIPMENT 


In removing production packers, well strainers and sanded- 


up tubing strings from producing wells the rotary jar, inside 
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cutter, and releasing spear enjoyed the greatest use up until 
a few years ago. The advent of the hydraulic pulling tool 
and its techniques almost completely removed the old practice 
of “cut-and-jar” from this phase of the fishing tool scene. This 
tool, in its various modifications, supplies the most economical 
means yet devised for removal of tools from a cased hole. 
The inside cutter and releasing spear are still involved. 


Hydraulic Pulling Tool 


These pulling tools enable the operator to exert many times 
the pulling capacity of his rig on the fish and enable him 
to remove stuck objects with a minimum amount of time 
and expense. 

In many cases entire liner strings, several hundred feet 
long, can be easily withdrawn with only one application of 
the pulling unit. 

Structurally the tools consist of an anchor section for en- 
gaging the casing and a telescoping pressure cylinder which 
is made to be connected to a fishing tool. In operation the 
fishing tool is engaged with the fish, the telescoping pressure 
cylinder is extended, the anchoring section is set to engage 
the casing, and pressure is applied to the telescoping cylinder. 
Application of pump pressure causes the cylinder to telescope 
and thus applies a tremendous pulling load to the fish. This 
pulling load, of course, is resisted by the casing. 

There are three modifications of the hydraulic pulling tool” 
on the market at present, with good evidence that there will” 
probably be more. These range in pulling ability from ratios 
of 50:1 up to 90:1 and above. The figures are not true ratios 
but are simply factors by which the pump pressure can be 
multiplied to give the dead load pull in pounds. Some of these 
tools are designed so that additional pressure cylinders can 
be added to increase the pulling capacity. 

It appears at present that the simplest structure involving 
the least amount of special technique employs an anchor 
section separate from the pulling unit so that it can be as 
close or as far away from the pressure cylinder as desired. 
This equipment uses direct application of pump pressure 
to set the anchoring device rather than the conventional cone™ 
and slip construction. 

The cone-slip anchor tends to bind under the severe loads’ 
used and requires hydraulic assistance from the tool to andl 








its release. It can be seen that tools employing the cone anc 

slip construction for an anchoring device can prove hazardous) 
should a leak develop in the operating string after a load has” 
been placed on the pulling unit. In this event pump pressures 
required to release the anchoring section could not be applied. 

The particular tool under discussion employs the simplest 
possible arrangement of operating valve and does not involve 
the use of jay slots to set the tool ready for operation. Fur- 
ther, it releases the pulling pressure at the end of its stroke 
and simultaneously releases the anchoring section by the 
accompanying drop in pressure. In this manner the pulling 
of the fish from the bottom of the hole only requires alter- 
nating pick-up on the tubing and application of pump pressure. 

The pulling tool has enabled operators to perform their 
fishing operations with the tubing string that is withdrawn 
from the well and eliminates the costly operation of coming out 
of the hole with the tubing in singles and going back in with 
a string of drill pipe. 

There are still many requirements for improvements in 
existing tools and practices. There are many projects under 
way in the engineering departments of most of the fishing 
tool manufacturers, and it is felt that the next few years will 
see as Many major improvements in equipment and techniques 
as have the last few, priorities and material shortages per- 
mitting. e 8 @ 
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ENGINEERING DEVELOPMENTS IN LOCAL SECTIONS 


The Responsibility of the 


The complexity of the oil industry 
today places a greater responsibility 
on the petroleum engineer than ever 
before. His responsibility has increased 
in direct ratio to the number and grav- 
ity of the problems which confront us 
as an industry, not only in the actual 
finding, producing, and refining of oil, 
but also in combating the ferces which 
tend to undermine the oil industry as 
@ free enterprise. It is the responsibility 
@f the engineer today, because it is the 
fesponsibility of the engineering pro- 
fession, to recognize these problems and 
Know how he, as an 
felp deal with them. 


These were the remarks of Harold 
Decker. president of the Houston Oil 
Co. of Texas, at a meeting last month 
of the Southwest Texas Section in Cor- 
pus Christi. He was speaking of the 
fesponsibility of the engineer to the 
industry in its activities of drilling for 
@nd production and refining of petro- 


eum. 


individual, can 


The services of the petroleum engi- 
Meer are in demand from the time he 
graduates, Decker said. Because of his 
Specific, specialized training he can fill 
@ definite and necessary place in any 
oil company organization. He can know 
bis job thoroughly and completely 
but he starts to assume the responsi- 
bility of his profession only when he 
becomes actively interested in knowing 
about the oil business as a whole, when 
he is not content to limit his interest 
and knowledge to the particular phase 
of the business which his job defines. 
but has a genuine desire to do his job 
and do it well 
something of 


and in addition 
the work which those 
about him are doing. It is a fine thing 


learn 


to be a specialist in your line, but, 
also, there is always a ceiling on how 
far a specialist, whose interest is in 
his job alone, can go up the ladder 
of success, for no matter far he 
may his particular field 
there is always a certain level of em- 
ployment where other things besides 
the knowledge of one job are consid- 


how 
progress in 


ered for a promotion. 
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Reported by Harry D. Vaughan 
Southwest Texas Section 


HAROLD DECKER 


The 


picks for promotion is invariably the 


employee whom management 
man who has been curious enough to 
want to know 
quired of him 


all phases of the business, 


more than has been re 

the man interested in 
likes 
people and is able to work with others 
and assume responsibility for them, the 
employee whose activities outside of his 


who 


business world show some initiative and 
a desire to improve his lot in life — in 
short, the employee who is broad, who 
goes beyond being a specialist in one 
line of endeavor. 

As the 
his company increased during the last 
few years, so has his responsibility to 
his community 


engineer's responsibility to 


and to his 
grown. In this scientific age the engi- 


neer with 


country 


his scientific education and 
training has a greater obligation to so- 
than 
training has not been along those spe- 


cific lines; 


ciety does his neighbor, whose 
but he has not assumed the 
responsibility which his profession has 
placed upor him. Look around you and 
see who runs your company, your city 
and state, the Nation. Just almost any- 
bedy except the engineer. How many 


engineers have been President of the 
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Engineer 


United States? To my knowledge only 
Herbert 
his training and clear thinking he will 


one Hoover. But because of 
go down in history as one of our ablest 
through 
and you find very few engineers repre- 
senting us politically. We have civic 


presidents. Go on Congress 


organizations that strive to build our 
We have city gov- 
ernments that directly affect our daily 


cities. and county 


lives. And our responsibility goes be- 
yond just paying taxes and voting at 
election time. It means taking an active 
part in community affairs and_ politics. 

Membership in the AIME and an 
active participation in its affairs will do 
much to help the engineer have the 
right perspective on what he is doing 
and on how it fits into the overall pic- 
ture of his company’s activities and ob- 
jectives, and will help him assume the 
responsibility which his profession has 


plac ed uvon him. x *«* * 


Wyoming Chapter Holds 
First Annual Meeting 

The first annual meeting of the Wyo- 
ming Petroleum Chapter was held in 
Casper May 4. Three papers were pre- 
sented during the course of the session. 
They were “Work of the Casper Office 
of the U. S. Geological Survey.” by 
J. R. Sehwabrow of the U. 
Survey: “Reservoir Study, Torch- 
light Field, Wyoming.” by Martin Hegg- 
lund of Stanolind Oil 
and “Drilling Mud Problems in 
Rocky Mountain Region,” by 
Davis of the Davis Mud Sales Co. 

The 
by a 
French, 


we Geologi- 
cal 


and Gas -Co.: 
the 
Gary 


was followed 
Richard W. 
Branch, AIME, 
chairman, spoke informally. 

New officers for the current year were 


technical session 
dinner 


Petroleum 


meeting. 


presented at the dinner meeting. They 
Sidney B. Richards of Stanolind., 
Robert D. Stottlemyer of 
National Supply Co., first vice-chair- 


are 
chairman; 


man: F. Raymond Wheeler of Chemical 


and Laboratories. second 
vice-chairman; and R. D. Ferguson of 
the U. 


treasurer. 


Geological 


S. Geological Survey. secretary- 
x « * 
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A Chemical Service for the 


Improvement of Oil Recovery 
Reported by John Clayton Jacobs, Jr. 


One hundred and ten members and 
guests of the North Texas Section heard 
Paul D. Torrey describe last month a 
new recovery process involving the use 
of CO.. 
problems and description of the CO, 


Torrey’s review of recovery 


process follow. 

During the past two decades great 
progress has been made in the develop- 
ment of techniques for improving the 
efficiency of oil recovery. It is, however, 
very significant that most of the impor- 
tant improvements have been of a me- 
chanical nature, such as the adoption 
of uniform well-spacing patterns, the 
development of better methods for the 
completion of wells, the purification of 
the injection media, and control of the 
injection of fluids so as to apply the 
most effective pressures and volumes to 
the reservoir. Improvements in the con- 
trol of production of fluids have been 
of equal importance. 

Most of these improvements have 
tended to accelerate the recovery of oil, 
or have provided other economies in 
operation. Therefore, it has been pos- 
sible to recover oil from thin or deep 
reservoirs which, otherwise, might not 
be operated profitably. However, none 
of these improvements has resulted 
a reduction of the residual oil satura- 
tions, which usually are in the range 
of from 20 to 30 per cent of the total 
pore volume of the reservoir, even under 
the most favorable primary or second- 
ary recovery mechanism. One of the 
best informed authorities on oil reser- 
voir behavior estimated recently that a 
reduction of 1 per cent in the present 
recovery limit would increase the recov- 
erable oil reserve of the United States 
by around 1 billion bbl. Consequently, 
there has been a great incentive for 
further improvement in oil recovery 
techniques. 

A consideration of the equation of 
radial flow of fluids through porous 
media will disclose immediately that the 
most promising opportunities for in- 
creasing oil production wili be found 
in the control of relative permeability 
effects and in the reduction of the vis- 
cosity of the reservoir fluid. Some meas- 
ure of control over permeability can be 
obtained by the shattering of the reser- 


voir by explosives, by the rupture of the 
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rock resulting from the penetration of 
a highly viscous liquid. or by the solu- 
tion of carbonate rocks by acid treat- 
ment. The effects of these operations, 
generally, are confined rather closely 
to that part of the 
immediate periphery of the bore of the 
treated well. Similarly, is physically 
possible, but probably in most cases 


reservoir in the 


uneconomic, to inject solvents into the 


reservoir or heat the reservoir fluid 
in order to reduce viscosity. Therefore. 
it would seem obvious that some form 
of treatment that will affect the physical 
chemistry of the retention and displace- 
ment of oil 
nection with conventional fluid injection 


from porous rocks, in con- 


operations, should have the most attrac- 
tive possibilities for the profitable recov- 
ery of increased quantities of oil. Any 
treatment that would accomplish this 
objective, of necessity, will have to 
penetrate the 
pletely as would be the case if gas or 


reservoir just as com- 


water were used alone. 


It will be evident that any form of 
chemical treatment will require effective 
isolation of the horizons to be treated, 
and, subsequently, to be produced. Val- 
uable chemicals, and, in arid regions 
water itself cannot be wasted by injec- 
tion into strata where no benefit can be 
Recognizing the need for 


—” WB 
~ 


anticipated. 


better equipment for the selective chem- 
ical treatment of reservoir rocks, the 
writer has devoted several years to the 
perfection of a hydraulic packer assem- 
bly that is now being used successfully 
in the acid treatment of the carbonate 
reservoirs of certain West Texas oil 
fields. This equipment may be employed 
with equal effectiveness for the control 
of other forms of chemical treatment. 

It has been known for some time that 
chemicals, particularly those 
possessing the property of reducing the 
surface tension of water, even at very 
low concentrations, will increase the 


certain 


recovery of oil in water flooding experi- 
ments. These compounds are referred to 
frequently as being “surface active” as 
a result of their behavior at a liquid 
surface. When they are mixed with 
water, their molecules exhibit the unique 
tendency of collecting at the contact 
between the liquid and a solid or be- 
tween the liquid and a gas. Thus, when 
the normal surface of water molecules 
is replaced by these totally different 
groups of atoms, the physical relation 
between the water and anything with 
which it is in contact is changed radi- 
( ally. 

Artificial control of interfacial ten- 
sion between water and oil by the use 
of surface tension depressants has so 


A WINNING ENTRY was this parade float of the Student Chapter of AIME at 
the University of Texas. It took second prize in the “most educational” division 
of the annual Texas Round-Up parade of the university. The float consisted of 
two parts, one devoted to oil research and the other to production of petroleum. 
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far failed in practical application be- 
cause of the tendency of the surface 
active compounds to be adsorbed on the 
surface of the reservoir. The advancing 
water front, therefore, is depleted of 
these reagents before any beneficial ef- 
fects can be realized. The amount of 
chemical that will be required to pro- 
vide for effective penetration of a reser- 
voir and its cost has been, in conse- 
quence, entirely out of proportion to 
the value of the additional oil that 
might be obtained. 

The writer, his partners, and asso- 
ciates are interested in exploiting the 
application of new chemical processes 
for increasing the recovery of oil, that 
de not, so it is believed, possess char- 
acteristics that will make necessary the 
use of excessive quantities of reagents. 
Specifically, we are interested princi- 
pally in: (1) the application of the 
ORCO process, in which carbonic acid 
is injected into oil-bearing rocks in con- 
nection with water injection operations, 
and, (2) the use of certain remarkable 
surface active compounds, either by 
themselves or in conjunction with the 
use of carbonic acid. 


The ORCO Process 

Original discoveries on uses of car- 
bon dioxide in solutions and mixtures 
as an aid to oil recovery have been 
made by James W. Martin, of New 
York, over a period of several years. 
Martin has discovered that under cer- 
tain ideal conditions of pressure and 
temperature carbon dioxide will react 
with some of the constituent compounds 
of crude oil to produce unstable sol- 
vents or surface active compounds, 
thereby causing certain parts of the oil 
to act as a solvent or displacing agent 
unto itself. When the fluid is brought to 
the surface and the pressure is reduced 
in a separator, these compounds in 
large part will break down into crude 
oil and the combined gas, which may be 
reused after it is separated from gase- 
ous hydrocarbons. Laboratory tests have 
been successful in reducing oil satura- 
tions in reasonably homogeneous sands 
down to the low level of from 8 to 5 
per cent of the total pore volume. Also, 
it has been indicated that the perme- 
ability of the reservoir rock to oil is 
increased which can serve to increase 
the rate of oil recovery. 

Some of the possibilities for the use 
of carbonic acid to improve the recovery 
of oil have been discussed recently by 
George Weber.’ A current field test of 
the process in Alleghany County, New 
York, which has been in operation for 
about 18 months, has resulted in a pro- 
duction of oil 10 times greater than 
that obtained from adjacent flood units 
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that have been affected only by conven- 
tional water injection. The high recov- 
ery efficiency indicated by over 1,000 
laboratory flooding tests with carbon- 
ated water has been confirmed by engi- 
neering studies of analyses of cores 
obtained from the area affected by the 
injection of carbonic acid. 

The results obtained to date from the 
use of carbonic acid encourage the be- 
lief that this process may be applied 
successfully to watered-out and mar- 
ginal areas of the Penn Grade territory. 
and elsewhere. Currently, a carbonic 
acid injection project is being com- 
menced under excellent control in a 
Bartlesville sand field in Northeastern 
Oklahoma, and studies are in progress 
in the Southwest to determine a prom- 
ising field for an experimental injection 
of carbonic acid into a limestone or 
dolomite reservoir. Laboratory work in- 
dicates that the injection of carbon di- 
oxide may be particularly effective in 
carbonate reservoir rocks. 

There are many possible applications 
for the use of surface active compounds 
in the production of oil. The applica- 
tion of some of these compounds has 
been receiving a great deal of our at- 
tention, and certain possible uses to 
which they may be employed will be 
described. 

Low concentrations of fatty amines. 
of cationic fatty amine acetates, and of 


J. N. McGIRL, above, was installed in 
May as chairman of the Mid-Conti- 
nent Section. Other officers who will 
serve during the 1951 - 1952 term are 
Jack H. Beesley, vice-chairman (pro- 
grams); G. C. MacDonald, vice-chair- 
man (membership); John H. Jennings, 
secretary-treasurer; C. H. Danchert- 
sen, M. B. Penn, and A. E. Smith, 
executive committee, Tulsa represent- 
atives; Harold S. Kelly and E. S. 
Messer, executive committee repre- 
sentatives from outside Tulsa 
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water soluble cationic quaternary am- 
monium salts have proved to be ex- 
tremely effective, in competitive tests 
with the products of other chemical 
manufacturers, carried on in the Brad- 
ford Field during the past year (1950), 
as bactericides and corrosion inhibitors. 
Combining an effective, low-cost bacteri- 
cide with an effective, low-cost inhibitor 
will represent a great and economic 
advance in the conditioning of water to 
be used for surface cooling and for sub- 
surface injection. It is notable that these 
chemicals do not react with the mineral 
salts that are present in most connate 
waters to form insoluble precipitates 
that would tend to plug the pores of the 
oil-producing formation, 

Primary Corrosion Control 

Laboratory work has indicated supe- 
rior control of corrosion resulting from 
hydrogen sulfide and salt water by the 
use of small quantities of oil-soluble 
dialkyl quaternary ammonium salts and 
water-soluble quaternary ammonium 
salts. An experimental field application 
of these compounds appears to be jus- 
tified. 

Laboratory tests have indicated the 
utility of using an acidic water solution 
for the prevention of flocculation and 
swelling of clay minerals when they 
come in contact with water. However, 
acidic waters cannot be used continu- 
ously without experiencing damage from 
corrosion. Use of an effective corrosion 
inhibitor in connection with the injec- 
tion of a slightly acidic water will be 
commenced in the near future in an 
Oklahoma field where the results from 
water flooding have been inferior in 
past operations on account of hydration 
of clay cementing materials, which has 
served to reduce the permeability to 
water to such an extent that adequate 
quantities of water cannot be injected 
at safe pressures. 


Increase in Water Injection 
Rates in Tight Formations 

Tests recently conducted in the Brad- 
ford Field have shown that a treatment 
of the sand with a fairly concentrated 
solution of a non-ionic, N-substituted 
fatty acid amide will increase the rela- 
tive permeability of the reservoir sur- 
face to water substantially. By such 
treatment water injection rates have 
been increased with no increase in the 
injection pressure. Wide application for 
this type of treatment is indicated in 
formations possessing low permeability. 
Conceivably, this form of treatment 
might eliminate the need for the deto- 
nation of explosives against reservoir 
rocks, thereby leaving the bore of the 
well in such condition that subsequent 


Continued on Page 4, Section 2 
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Operators 
Say its 
UE! 


When experienced operators say “Lane-Wells does a dash-blank 


good perforating job,” there’s an opinion worth listening to. And 


experienced operators in every field — veterans and smart younger 
men — do say just about that 
Some of these canny old-timers have been using Lane-Wells services 
for nearly 18 years; according to them, there’s no substitute for 
experience. Lots of younger operators, too, find that the experience 
gained in over 143,000 perforating jobs helps a lot on their jobs — so 
they use Lane- Wells perforating 
Not all operators feel that way. We never claimed to bat 1.000 all 
the time Even Ivory soap says only, '99-44/100% pure’: perfection 
costs more than anyone can afford. But Lane-Wells batting average 
is, and always has been, in the high 900's. And lots 
of operators like Lane-Wells service because we don’t 
alibi if something does go wrong, because we do our 


best to make it good. Ask your Lane-Wells man about 





ay | 
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General Offices, Export Office Los Angeles +» Houston + Oklahoma City 
and Plant « 5610 So. Soto St. Lane-Wells Canadian Co. in Canada 
Los Angeles 58, California Petro-Tech Service Co. in Venezuela 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 408 Trinity Universal Bldg., 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 31, 1951. Any discussion offered thereafter should be in the form of a new paper. 





PLASTIC FLOW PROPERTIES OF DRILLING FLUIDS— 
MEASUREMENT AND APPLICATION 


J. C. MELROSE AND W. B. LILIENTHAL, MAGNOLIA PETROLEUM CO., DALLAS, TEX. 


ABSTRACT 


The application of Bingham’s law to the behavior of drill 
ing fluids in a rotational viscometer permits the expression of 
viscometric data in terms of plastic viscosity and yield value 
the flow properties of a plastic fluid. A commercially available 
rotational viscometer is described, and when modified to a 
multispeed type viscometer, is shown to provide a simple and 
convenient instrument for the measurement of these properties 
both in the laboratory and in the field. The data obtained are 
shown to be useful in defining and understanding mud contro! 
problems relating to chemical treatment and to the hydro 
dynamic behavior of muds. 


INTRODUCTION 


The highly complex drilling fluids which are required for 
deep drilling often give rise to new and unusual mud control 
problems. Rapid and economic solutions to these problems may 
require, on the one hand, better understanding of the changes 
which contaminants and chemical treating agents produce in 
the colloidal and inert solids of the mud, or, on the other 
hand, closer control of the hydrodynamic behavior of the mud. 
The latter objective obviously can be achieved only if a cor 
rect rheological analysis of the flow behavior of drilling mud 
is available and if this is accompanied by the appropriate 
rheological measurements. The purpose of this paper is to 
describe such measurements in the field, and to show how the 
resulting data can be of value in solving difficult mud contro! 
problems. 

It is now generally recognized that Bingham’s law of jlastic 
flow can be utilized in describing the hydrodynamic behavior 
of drilling fluids in the non-turbulent flow range. Beck, Nuss 
and Dunn’ have recently applied this law to the flow of mud 
in small pipes, and Rogers’ has reviewed the rather extensive 
literature on this subject. So far, however. 
ham’s law has been restricted to the analysis of mud flow in 


the use of Bing 


pipes or capillary tubes, and it has not been directly applied 
to the flow in rotational viscometers. In the work to be re 
ported, the Reiner-Riwlin’ equation for the flow of a plastic 
fluid in a rotational viscometer has been utilized to permit the 
expression of multispeed viscometric data in terms of plastic 
viscosity and yield value, the two absolute flow properties of a 
plastic fluid. 

With regard to the application of the e measurements, the 
calculation of the relationship between pumping rate and pres 
sure drop, both in the drill pipe and annular space. has long 

‘References given at end of paper. 
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a subject of interest. Beck, Nuss, and Dunn,’ following 
Caldwell and Babbitt., base their calculations for non-turbu- 
lent flow on Buckingham’s integration of Bingham’s law for 
pipe flow and measurements of the plastic viscosity (rigidity 
in their terminology) and yield value. In the case of turbulent 
flow, Fanning’s equation is employed, and the pressure drop 
is relatively insensitive to the flow properties of the mud. Since 
flow in the drill pipe is likely to be turbulent at usual cir- 
culation rates, the plastic flow properties will chiefly influence 
the pressure drop in the annular space. As pointed out by 
Beck,’ the control of this component of the total pressure drop 
may be of special importance where lost circulation problems 
are encountered. Other hydrodynamic problems to which it 
should be possible to apply measurements of the plastic flow 
properties include predictions of the velocity distribution in 
for transition to 


been 


non-turbulent flow and the critical velocity 
turbulence. 

Plastic viscosity and yield value, as absolute flow proper- 
will reflect the colloidal or surface-active 


the solids present in drilling fluids. Measurements of these 


ties, behavior of 
properties should therefore find application in developing a 
better understanding of such behavior and in characterizing 
the type and condition of these solids. Garrison and ten Brink 
multispeed viscometric data in this manner, 
although their measurements were not expressed in terms of 
the absolute flow properties. 


have utilized 


In connection with the application of these measurements, 
it should be recognized that the presently used one-point vis- 
cosity measurements are relative in nature. The API Stormer 
example, is a function of both 
plastic viscosity and yield value, as well as mud weight, and 


600-rpm measurement, for 


will often be misleading when its application to mud control 
problems is attempted 


NOMENCLATURE, UNITS, AND DEFINITIONS 


In Fig. 1 an idealized plot is given of the flow variables 
viscometric measurement. It is seen that the 
fluids is characterized by two con- 
plastic viscosity, 4,, and yield value, ¢. Other workers 
have used the term rigidity for plastic viscosity or the term 
mobility for its reciprocal. The term plastic viscosity, however, 


involved in any 
flow behavior of plastic 


stants 


emphasizes the close relation this property bears to the vis- 
cosity of a true fluid and is expressed in the familiar viscos- 
ity units of centipoises. The yield value is expressed in lbs /100 
sq ft, the units adopted for gel strength measurements with 
the API shearometer. 

Definitions of these properties based on rheological or mac 
roscopic flow considerations follow from Fig. 1. The plastic 
viscosity of a substance obeying Bingham’s equation is defined 


159 
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as the constant ratio of a given change in the shearing stress 
to the corresponding change in the rate of shear when the 
body is undergoing permanent deformation or flow. This same 
definition applies also te the viscosity of a true or Newtonian 
fluid. The yield value of a plastic substance may be defined 
as the difference between the shearing stress and the product 
of the plastic viscosity and rate of shear. If Bingham’s law is 
low rates of also 


obeyed at shear, the yield value is 


the shearing stress which must be exceeded for permanent 


very 


deformation or flow to take place. 


PLASTIC FLOW, PLUG FLOW AND 


THIXOTROPY 


Several aspects of the plastic flow of drilling fluids deserve 
comment before proceeding to a description of the instrument 
used in the present work. First, at some low rotor speed 
(usually below 100 rpm in any practical viscometer), a curva- 
ture toward the origin will occur in the linear relationship be- 
tween rotor speed and stator torque (see Fig. 1). This curva- 
ture, often referred to as the plug flow region, has been shown 
by Reiner and Riwlin,’ in the case of a fluid obeying Bingham’s 
equation, to begin when the yield value exceeds the shearing 
stress at the wall of the outer cylinder of a rotational vis- 
cometer. Thus, the phenomenon of plug flow is characteristic 
of and not a deviation from the behavior of a “Bingham body.” 
It should be stated, however, that deviations from Bingham’s 
law are to be expected in this low shear rate range in the 
case of systems, such as most drilling muds, which show highly 
time-dependent gel strength properties. 

The existence of such time effects, generally referred to as 
thixotropy. introduces the second complication encountered in 
observations of the laminar flow behavior of drilling muds. 
Several workers’ have proposed the use of “hysteresis loop” 
and “thixotropic level” concepts to characterize systems show- 
ing such effects. It has been observed by the authors, however. 
particularly in the highly chemically treated field 
muds, that equilibrium torque readings with a rotational 


case ot 


viscometer may be reached in a matter of a few minutes, pro- 
vided that each such reading is preceded by an equilibrium at 
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FIG. 1 — FLOW DIAGRAM FOR PLASTIC FLUIDS 
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a higher rotor speed. (At a constant rotor speed the torque 


will then increase toward the equilibrium value; the opposite 
occurs if the reading is preceded by an equilibrium at a 
lower speed. and somewhat longer times are involved). These 
observations indicate that the mud in field systems. in 
situations where a simple laminar type of flow is expected to 
prevail, may be 


flow 


very nearly at a steady state, as defined by 


equilibrium torque readings. 

If characterization of the “thixotropic property” of the mud 
is desired, it is felt that this may be furnished by measure- 
ments of the increase in gel strength with increasing periods 
of rest time. Some of the complications which arise in 
obtaining such measurements have been discussed by Card- 
well.’ Slippage, probably caused by syneresis, may also be a 
serious problem when rest times of the order of 30 minutes or 
longer are involved. The authors believe that the usual tech- 
niques for avoiding these difficulties cannot be easily applied 
to instruments suitable for field measurement of the plastic 
flow properties defined above and that gel strength data can 
best be obtained with an instrument designed specifically for 
such measurements. Mud problems which require this type 
of rheological analysis include the prediction of bottom hole 
up and down swabbing and 
well as the prediction of the 
ability of the mud to suspend cuttings on shutdown. 


pressure surges developed by 
when breaking circulation, as 


INSTRUMENT DEVELOPMENT 


In plotting data obtained with a rotational viscometer ac- 
cording to the scheme of Fig. 1, i.e., viscometer rotor speed 
the the (shearing 
a straight line will result for a plastic and thixotropic 
fluid if two requirements are met: first, that the viscometer be 
run long enough at each speed to reach an equilibrium torque 
and that the design of the 
rotor and stator be such that a strictly linear calibration rela- 


(rate of shear) versus torque on stator 


stress), 


reading; second, viscometer 
tionship results, i.e., kinetic energy and end effects are absent. 
(These effects also introduce a density dependence, as in the 


Stormer viscometer). 


In addition to giving a straight-line plot of the observed 
data, a suitable viscometer should possess sufficient compact- 


ness, ruggedness, and simplicity of operation for use in the 
field as well as in the laboratory. Precision and reproducibility 


should be of the order of +2 per cent. 

which available 
commercially revealed that none of them completely filled the 
forth with the 
viscometer, the rotational viscometer most commonly 
used in oil field work, indicated that it was unsatisfactory for 
adaptation to such purposes. One commercially available vis- 
cometer, the Fann V4G Meter,* met all of the desired require- 


\ survey of rotational viscometers were 


requirements set above. Experimentation 


Stormer 


ments with the exception of the multispeed feature, so it was 
decided to alter this instrument accordingly. This viscometer, 
employing a motor-driven outer cylinder turning around a 
stator that could be balanced to a null point by means of sus- 
pended weights. had a number of very desirable features: 
compactness, a rugged bearing system, a 6-volt d.c. motor for 
use with an automobile storage battery. and a suitable rotor 
and stator design. 

Phe multispeed control feature was obtained by substitution 
of a variable speed type CRX governor unit, made by the Lee 
Engineering Manufacturing Co.. Milwaukee. Wis., for 
the constant-speed governor supplied with the motor. It was 


and 


necessary to lengthen the motor housing by about two inches 
in order to install a manually set cam-driven push-rod control 


*Manufactured by the Geophysical Machine Works, Houston, Tex. 
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for the governor. By adjustment of this mechanism, rotational 
speeds of approximately 600, 500, 400, 300, and 200 rpm 
could be set, maintained, and duplicated. 

Fig. 2 is a photograph of the instrument with the rotor pat 
tially immersed in a water-jacketed sample container. The 


disassembled stator and roter are shown at the side of the 
instrument. A high speed switch on the left side of the gear 
housing operates a governor release mechanism, making avail 


able a top, uncontrolled speed of about 1,100 rpm. In order 
to obtain equilibrium torque readings, the mud sample is 
first sheared at this speed for about a minute, after which 
torque readings can be made at successively lower speeds 
Usually, when making such a “down curve,” the equilibrium 
torque will be reached in about the length of time required 
for adjusting the balancing weight. 


CALIBRATION AND REPRODUCIBILITY 


The calibration of a multispeed rotational viscometer for 
use with plastic fluids can best be accomplished with a series 
of true fluids of known fluids 
calibrating the viscometer described above were glycerol-water 
solutions, the viscosities of which had been determined with 
Fenske-Ostwald capillary viscometers. A_ linear 
relationship was found, indicating that kinetic energy and 
end effects were negligible as desired. This relationship is 


viscosities. The test used in 


calibration 


described by the equation: 
1G 
Z 
where 
4“ = viscosity, centipoises 
G = balancing weight (torque), gms 
Z = rotor speed, rpm 
{ = calibration constant 
The constant A determined from the calibration data may be 
compared with a theoretical value calculated from the dimen 
sions of the viscometer by means of the Couette-Margules 
equation. 
In the case of plastic flow the above variables are related 
by the equation: 


iG-Bo 


Z 
Since calibration fluids for plastic flow do not exist, the con 
stant B must be determined from the little-known equation 
of Reiner and Riwlins* for the flow of a plastic fluid in a 
rotational viscometer, which gives 
(100) (30/) In (r./ry) 


(0.20886 } 
where 
r. = radius of outer cylinder, em 
r,, = radius of inner cylinder, cm 
30/* = factor for converting from rad/sec to rpm 
100 = factor for converting from poises to cp 
0.20886 = factor for converting from dynes/cm* to Ibs 100 
sq ft 
Equation (2) may conveniently be applied to the calcula 
tion of plastic viscosity and yield value from experimental data 
on drilling fluids if the data are plotted as in Fig. 1. Denoting 
the intercept on the balancing weight (torque) axis, where 
Z=0. as G,. and the weight reading at the highest speed 
available as Gy... Equation (2) may be solved as follows 
= ky (Gua. —G.) 
k, G , 


' 


where 
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the calibration constant A determined as 
In the case of routine measure- 


The accuracy of 
described was *1 per cent. 
ments of mud, employing a procedure suitable for use in the 
field, there are two main factors other than the previous his- 
tory of the sample which affect the reproducibility of results 
with a instrument. The first is the technique of the 
operator, and the second is the judgment employed in drawing 
a straight line through the data on the rpm versus balancing 


With first 


reproducibility, tests were made on a series of 26 widely dif- 


given 


weight plot. reference to the factor influencing 
ferent laboratory-prepared muds, data on each mud _ being 
obtained independently by two or three operators. Results from 
an average deviation from the mean of the 


these tests gave 


two or three observations of about +3 per cent for both 
plastic viscosity and yield value. Deviations resulting from 
different individuals plotting the data amounted to approxi 
mately 2 per cent for the plastic viscosity and 5 per cent for 
the yield value. 

Deviations from linearity in the rpm versus balancing weight 
plot, i.e., from ideal plastic flow at the rates of shear used, 
have been within the indicated accuracy of the method except 
in cases where solids are settling rapidly in the sample. How- 
ever, in this event, valid viscosity measurements are impos- 
rotational viscometer. 


sible to make with any type of 


EXPERIMENTAL RESULTS 


In order to show how measurements of the plastic flow 
properties of muds, as obtained with the multispeed viscom- 
eter. may be utilized, the results of several laboratory investi- 
gations will be presented. The first investigation was carried 
out for the purpose of establishing relationships between the 


multispeed viscometric measurements and those now in com- 


FIG. 2 — MULTISPEED VISCOMETER, FIELD MODEL. 
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mon usage, while the second was concerned with the response 
of the plastic flow properties to chemical treatment. 
Relationships with Stormer Viscosity 

And Gel Measurements 


Twenty-six muds prepared in the laboratory, and represent- 


ing a variety of mud systems, were used in the first investiga 
tion. During the preparation and testing of each mud, special 
efforts were made to insure identical handling and measuring 
procedures, in order to minimize any variations which might 


be due to such factors; each measurement was checked by 
two or three operators. The correlations which were found 
between the various viscometric measurements are shown in 
Figs. 3. 4, and 5. 

In the case of the correlation of the Stormer viscosity with 
the plastic flow properties (Fig. 3) and the Stormer-multispeed 
viscometer initial gel correlation (Fig. 4). straight-line rela- 
tionships were found. As indicated in Figs. 3 and 4, these rela- 
tionships are not greatly dependent on the mud system, except 
for the case of the salt-contaminated mud. The correlations of 
the initial and ten-minute gels and the initial shear strength 
with the yield value, on the other hand, resulted in power 
functions, which were affected by the type of mud system. 
The actual data are not shown in Fig. 5, since the average 
deviation from the plotted lines was of the order of 25 per cent. 


Chemical Treatment Studies 


In the investigation of the effect of chemical treatment on 
the plastic flow properties, a bentonite-kaolinite base mud con- 
taining about 30 weight per cent solids was prepared and 
treated with various quantities of quebracho, Calgon, and 
sodium acid pyrophosphate. Fig. 6 shows the effect of added 
quebracho on plastic viscosity, yield value, and Stormer vis- 
cosity. Similar curves were obtained for the phosphate treat- 


ments. It is seen that “viscosity reduction” by chemical treat 
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FIG. 4 


in the yield 
value, while the plastic viscosity actually increases somewhat. 


ment is accomplished entirely by a reduction 


reduced by 
chemical treatment, the higher the plastic viscosity / yield value 


Since the plastic viscosity of a mud is not 
ratio, the less is the susceptibility of the mud to chemical 
treatment. This concept is illustrated in Fig. 7, in which plas- 
tic viscosity is plotted against the yield value for a large num- 
ber of muds which are available in the laboratory. The com 
positions of these muds fall into four groups. which may be 
described as follows: 
(1) high-solids muds including bentonite-kaolinite systems, 
native clays, and salt-water clays 
2) bentonite-water muds 
(3) high-solids muds containing three per cent bentonite 
and varying percentages of Gulf Coast shale 
(4) alkaline-tannate-lime muds, representing samples over 
the entire mud weight range from 9.0 lb/gal (67.2 
lb/cu ft) laboratory-prepared muds to 18 Ib/gal (134.4 
Ib/cu ft) field muds. While some were starch muds, all 
had been treated with caustic soda, quebracho, and 
lime. 
From Fig. 7 it may be seen that these groups give a family 
of curves corresponding to different susceptibilities to chemical 
treatment, as defined above. 


DISCUSSION AND INTERPRETATION 
OF RESULTS 

Correlation with Stormer Measurements 

It is well known that any single point viscosity measurement 
on a plastic fluid, such as the Stormer 600-rpm reading, is 
actually an apparent viscosity, i.e., a value equivalent to the 
viscosity of a true or non-plastic fluid giving the same observed 
stress reading as the plastic fluid at the particular rate of 
shear chosen (see Fig. 1). Thus, Equations (1) and (2) may 
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be combined to define such an apparent viscosity, “,, in terms 
of the plastic flow properties: 
Me = wy + (B/Z) baths Mane cave? 5s 
This equation also shows that the apparent viscosity varies 
linearly with the reciprocal of the rotor speed, Z, as is illus- 
trated by the data of Garrison and ten Brink’ and Bednarski.” 
Where the apparent viscosity versus reciprocal rpm plots given 
by these workers are linear, it is indicated that the muds 
investigated obeyed the law of plastic flow. 


(60) 


The correlation of the Stormer viscosity, »,, with the plastic 
flow properties is shown in Fig. 3 to be of the form predicted 
by Equation (6) when xz, is substituted for the apparent vis- 
cosity. The deviations of the data from a single relationship 
are smaller than would be expected from a consideration of 
the peculiarities of the Stormer design, such as a considerable 
density dependence due to kinetic energy and end effects and 
the opportunity for the existence of a non-flowing plug inside 
the rotor. 

In the case of the Stormer-multispeed viscometer initial gel 
correlation (Fig. 4), a correlation of the expected form was 
also found. The proportionality factor was close to that calcu 
lated from the respective viscometer dimensions. The correla- 
tions of Figs. 3 and 4 may be used where approximate con 
versions from multispeed viscometer data to Stormer data are 
required. 

The reason for the power functions obtained for the corre 
lations of Fig. 5 is not known. When the Stormer initial gel 
strength values are converted to the units of Ibs/100 sq ft, 
the data of Fig. 5 show that the initial gel strength and initial 
shearometer reading are both less than the yield value, all 
three measurements being expressed in the same units. This 
confirms previous reports’ that at very low rates of shear 
Bingham’s law is no longer followed. It is felt, however, that 
this fact does not constitute a limitation of the usefulness of 
measurements of the plastic flow properties with regard to 
those applications which were mentioned above, since the yield 
value measured by the present method, together with the plas 
tic viscosity, determines the relationship between the rate of 
shear and shearing stress throughout most of the range of 
laminar flow. 
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Application to Chemical Treatment 

In developing explanations for the changes in plastic vis- 
cosity and yield value with addition of deflocculating agents. 
it is helpful to give a partial and limited interpretation of 
these two viscometric properties in terms of the colloidal or 
sub-microscopic structure of drilling muds. From the purely 
rheological definitions of these properties given above, it may 
be seen that in the case of a plastic fluid such as a drilling 
mud the frictional resistance to flow, measured by the shearing 
stress or viscometer torque reading, is composed of two parts 
(see Fig. 1). The first is proportional to the rate of shear 
and thus is largely the resistance to flow due to the mechanical 
friction of the particles. 

Since the plastic viscosity is a measure of this proportion 
ality, this property will be a function of solids concentration 
and shape, as predicted by an extension of Einstein’s equation 
for the hydro-dynamic interaction effects of dispersed solids 
on the viscosity of a suspension.” If the particles carry an 
electric charge, the plastic viscosity might also be expected to 
increase with decreasing particle size, as described by Smolu- 
chowski’s modification of Einstein’s equation. Since the action 
of deflocculating reducing” chemicals 
should not produce more symmetrical or larger particles, but 
rather the opposite. it would be expected that reduction of the 
plastic treatment would be difficult if not 
impossible. The observed increase in plastic viscosity (Fig. 6). 


agents or “viscosity 


viscosity by such 
on the other hand, can be explained as the result of dispersion 
of clay aggregates in the mud. 

The second type of resistance to flow is independent of the 
shear rate and is due to the “gel forces” acting between the 
particles of the suspension. It is believed that both attractive 
and repulsive forces are operative. the latter originating pri- 
marily from the electrical charge carried by the particles. This 
component of the total resistance to flow is measured by the 
yield value. which may then be expected to be a function of 
the concentration of the mud solids and those factors, such 
as surface charge and potential, which affect the interparticle 
forces. Since deflocculating agents are thought to adsorb on 
the solid particles, thus altering the chemical nature of their 
surfaces and affecting the interparticle forces, the “viscosity 
agents should be almost 
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entirely the result of a decrease in the yield value, as is 


observed. 


Application to Pressure Drop Calculations 


One of the primary aims of chemical treatment of muds is, 
of course, to control the hydrodynamic behavior upen which 
several of the most important functions of muds are based. 
In this connection the plastic flow properties measured as 
described above may be used to predict pressure drops in 
certain cases of laminar flow. It should be noted that the 
Buckingham equation for pipe flow cannot be used to describe 
flow in an annulus, even if the equivalent diameter (four times 
the hydraulic radius) is substituted for the pipe diameter.” 
Drill pipe rotation will obviously cause further complications 
in the case of flow in a well annulus. 

Another factor which is often overlooked is that if the tem- 
perature of the mud sample at the time of measurement is 
considerably different from average well conditions, corrections 
for the effect of temperature on the plastic flow properties 
should be made. In the case of water-base muds, the magni- 
tude of the correction for the plastic viscosity may be esti- 
mated from the effect of temperature on the viscosity of water 
Such a consideration indicates that for a difference of 80°F 
between the average well temperature and the temperature at 
which the mud is measured, the corrected plastic viscosity will 
be of the order of half the measured value. Since the slope ot 
the apparent viscosity versus reciprocal rpm plot for a drilling 
mud is proportional to its yield value {see Equation (6) |. the 
data presented by Bednarski’ show that the effect of tempera 
ture on the yield value varies widely among different muds 
and in some cases the yield value at 160°F may be twice that 
at 80°F. 
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rhese estimates of the effect of temperature have been ap- 
plied to a pipe flow pressure-drop calculation for a mud of 
20 cp plastic viscosity and 10 lbs/100 sq ft yield value, as 
measured at 80°F. The result was a pressure drop 60 per cent 
higher than that calculated from the measured properties. 


CONCLUSIONS 
1. A commercially available rotational viscometer modified 
to permit multispeed operation, has a straight-line calibration 
and is sufficiently rugged for field as well as laboratory use. 
2. The behavior of water-base drilling fluids in this vis- 
cometer with few exceptions is described by the law of plastic 
flow, provided that equilibrium torque readings are obtained. 
The steady-state laminar flow behavior of muds is therefore 
characterized by the variables, plastic viscosity and yield value. 
3. The measurements with the multispeed viscometer are 
approximately related to Stormer viscometer measurements by 
the following equations: 


— @D 


hy + 


G 3.36 


where 
Stormer 600 rpm viscosity, ep 
plastic viscosity, cp 
yield value, Ibs /100 sq ft 
G. = Stormer initial gel. gms 
GC multispeed viscometer initial gel, gms 

}. The plastic flow properties may be interpreted in terms 
of the concentration and surface properties of the solids pres- 
ent in the mud. Such considerations can be used to explain the 
action of chemicals in “viscosity reduction” and suggest that 
the susceptibility of a mud to chemical treatment can be 
predicted from plastic viscosity and yield value data. 

5. The pressure drop of a mud in laminar flow, e.g., in a 
well annular space, will depend on the plastic flow properties. 
In order to make pressure drop calculations. knowledge of the 
effect of temperature on the plastic flow properties is required, 
temperatures may be 


value at well 


than that measured at the surface. 


since the yield average 


considerably greater 
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A MODIFIED LOW-STRENGTH CEMENT 


B. E. MORGAN, JUNIOR MEMBER AIME, AND G. K. DUMBAULD, MEMBER AIME, HUMBLE OIL AND REFINING CO., 


HOUSTON, TEX. 


ABSTRACT 


The need for a low-strength cementing composition for use 
in well cementing is reviewed and results are presented of 
laboratory and experimental field tests of a modified cement 
having a controlled ultimate tensile strength of approximately 
200 psi. The modified cementing composition may be pre 
pared from either high early strength or normal portland 
cements by the addition of bentonite clay and a suitable agent 
for dispersing and controlling the set of the slurry. Substitu 
tion of the modified cement for conventional slow-set cements 
may give better completion results in many wells because the 
modified cementing composition has lower set strength, lower 
slurry density, and greater slurry stability than conventional 
cement slurries. The lower ultimate strength allows greater 
penetration with less shattering of the set cement when per 
forating casing and cement. The lower slurry density allows 
the placement of longer columns of cement slurry, and the 
greater slurry stability reduces the possibility of having an 
uncemented section caused by the settling of cement particles 
before the cement sets. 


INTRODUCTION 


High strength has always been one of the accepted criteria 
of a good cement. During the early use of portland cement in 
well cementing, emphasis was placed upon securing cements 
with higher strengths. In 1931, Barkis' reported that, “Norma! 
oil well have improved to develop greater 
strengths and uniformity of product. which has aided in pro 
ducing successful jobs in cementing the deeper strings.” 


cements been 


As long as most wells were completed by the open-hol« 
method, the use of cements having high strengths seemed 
desirable, and there was no objection raised against high 
strength cementing compositions. For a number of years, how 
ever, the industry has been completing a large number of 
wells by setting and cementing casing through productive 
horizons and then obtaining production by gun-perforating 
Although 
this method has been generally successful, difficulties have 


the section of casing opposite the desired interval. 


been experienced in some cases in completing or recompleting 
wells because of apparent lack of adequate penetration by the 
bullets through the casing and surrounding sheath of cement 
and into preducing formation. In addition to the penetration 
trouble, there have been indications that fracturing and shat 
tering of the set cement by perforating might be a contrib 
uting factor in causing the failure of some jobs to exclude 
water or gas from oil producing zones. The possibility that 
cements having high set strengths were contributing to the 
diffeulty in obtaining satisfactory perforating results has re 


'References given at end of paper. 

Manuscript received in the office of the Petroleum Branch A 
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ceived attention during recent years. Gun perforating tests 
conducted in 1944 showed that the depth of bullet penetration 
into set cement varied with the hardness of the cement, the 
greater the strength of the cement the less being the penetra- 
1946, Farris’ pointed out that high strength cements 
needed in well cementing, and in 1947, data pub- 
lished by Oliphant and Farris’ showed that set cement was 
shattering at approximately 150 psi 
tensile strength, whereas at approximately 300 psi tensile 
strength severe cracking and shattering occurred. Oliphant 
and Farris suggested that wells be perforated at the proper 
time interval after placement of the cement so that the set 
cement would have the desired strength. 


tion. In 
were not 


perforated without 


Several difficulties may be encountered in trying to perfo- 
job at the time to catch the tensile 
The rate of strength development 
of different cements varies considerably. This fact is illus- 


rate a cement correct 


strength near 150 psi. 
trated by results of tensile strength measurements prezented 
in Fig. 1. These data show that at 175°F the tensile strengths 
of three conventional slow-set cements varied from 75 to 235 
psi at the end of 12 After 24 hours, the tensile 
strengths varied from 200 to 455 psi. The rate of strength 


hours. 


development is affected, also, by the temperature of the for- 
mation, and this adds to the uncertainty of perforating at the 
correct time, since accurate well cementing temperatures may 
not be known in many cases. Furthermore, in the recomple- 
tion of wells it is sometimes necessary to perforate cement 
which has set for a long period and has developed maximum 
or final strength. 

In view of the apparent need for a cementing composition 


aving a controlled ultimate strength, an investigation was 





LBS. PER SQ IN 


TENSILE STRENGTH 











AGE OF BRIQUETS HOURS 


FIG. 1 — STRENGTH DEVELOPMENT OF THREE CONVENTIONAL SLOW. 
SET CEMENTS CURED UNDER WATER AT 175°F. 
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Table I — Physical Properties of Modified 
Low-Strength Cements 

Modified 
Normal 
Portland 


9 


Modified 
High Early 
Strength’ 
Water to cement ratio, gal per sack: 10 
Pumpability Time, hrs: Halliburton Con- 
sistometer at atmos. pres.: 
Temp. of Test: 150°F 
Temp. of Test: 175°F 
Temp. of Test: 200°F 
Well Simulation Tests: 
Schedule 5 ( 8,000 ft) 
Schedule 6 (10,000 ft) 
Schedule 7 (12,000 ft) 
Schedule 8 (14,000 ft) 
Schedule 9 (16,000 ft) 
Schedule 10 (18,000 ft) 
Tensile Strength, psi: 
Cured under water at 150°F 
Age of Briquets: 12 hrs 
Age of Briquets: 1 day 
Age of Briquets: 3 days 
Cured under water at 175°F 
Age of Briquets: 12 hrs 
Age of Briquets: 1 day 
Age of Briquets: 3 days 
Age of Briquets: 7 days 
Cured under water at 200°F 
Age of Briquets: 12 hrs 
Age of Briquets: 1 day 
Age of Briquets: 3 
Wet Permeability, md: 
Cured under water at 175° F 


days 


0.05 0.11 
0.004 0.005 


\ high early strength cement with 15 Ib. of bentonite and » Ib. of 
caleium lignosulfonate added per sack of cement 


Age of Test Specimen: | day 
Age of Test Specimen: 7 days 


A normal portland cement with 15 Ib. of bentonite and 0.5 Ib. of 
licnosulfonate added per sack of cement 
API Code 32 


\ccorcing to 


initiated several years ago in an attempt to develop such a 


composition, 


LABORATORY INVESTIGATION OF MODIFIED 
CEMENT 
Composition 


The set strength of cement is reduced by an increase in the 
water-to-cement ratio of the slurry: however, the cement par 
ticles in high water-to-cement ratio slurries settle out. allow 
This sedimentation 
of high water-to-cement slurries may be avoided by the addi- 
tion of bentonite Hence, it appeared that a stable 
cementing composition with a controlled ultimate set strength 


ing a water-cement separation to occur.’ 
clay. 


might be produced by using the correct amount of mix watet 
to prepare a slurry of portland cement and bentonite clay. 
However, laboratory tests revealed that the addition of a small 
amount of a dispersing agent was needed to disperse the mix- 
ture of cement. clay. and water. and to allow adjustment of 
the set time. 

It was found by laboratory tests that a cementing composi 
tion with an ultimate tensile strength of approximately 200 
psi could be prepared by adding 12-15 Ib bentonite clay 
and approximately 0.5 Ib calcium lignosulfonate per sack of 
high early strength cement. and using enough mix water to 
make a slurry with a 10 gal 
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Additional also showed that a satisfactory 
modified cementing composition could be prepared from nor 
mal portland cement by the addition of the same quantities of 


bentonite clay and calcium lignosulfonate, but with the addi- 


tests 


per sack. 


tion of enough mix water to make a slurry with a water-to- 
cement ratio of about 9 gal per sack. 


Pumpability, Strength and Permeability 


\ satisfactory well cementing composition must retain its 
fluidity long enough to be pumped into place, then it must 
strength and impermeability to form an 
effective seal within a reasonable length of time. These prop- 


erties may be evaluated in the laboratory by pumpability. ten- 


develop sufhcient 


sile strength, and permeability tests. The results of such tests 
of modified low-strength cements are presented in Table I. 
For comparison, similar laboratory data for three conventional 
slow-set cements are presented in Table II. The pumpability 
times of the modified cement slurries were found to be about 
the same as the pumpability times of the conventional slow- 
set cement slurries, and the permeability of the set modified 
cements, although greater than the permeability of the con- 
ventional sufficiently low to 
make a good seal. The 7-day tensile strengths of the modified 
7-day 
tensile strengths of the conventional cements varied from 398 


cements. was considered to be 


cements were approximately 200 psi, whereas the 


to 667 psi. The modified cement developed most of its strength 
within the first 24 hours. 

[These data indicated. therefore. that for the cementing of 
many wells either high early strength or normal portland 
cement containing bentonite clay and calcium lignosulfonate 


could be 


substituted for existing slow-set cements. 


Perforating Properties 

Since the modified low strength cement was developed in 
an attempt better 
mented casing. the depth of penetration into conventional and 


to obtain perforating results through ce- 
modified cements by both bullet and jet perforators was deter- 
mined in aboveground setups prepared by placing the test 
cement slurries in the annulus formed by positioning casing 


inside a 55-gal barrel. In order to make the test more severe, 
two strings of pipe were used In two of the setups prepared 
with modified cement. In these two assemblies, the entire vol- 
ume of the 55-gal barrel. excluding the inside of the smaller 
pipe, was filled with modified cement slurry. After the cement 
slurries had set long enough to develop most of their strength, 
the casing was perforated and the penetration and fracturing 
of the set cements were observed. The results of these per- 
forating tests, presented graphically in Fig. 2. are summarized 
below. The results shown in the following table represent the 
all perforations which lodged within 


average penetration ol 


the set cement. Perforations which passed completely through 
the test 


this table. 


not considered in compiling the data in 


setups were 


Penetration into Conventional and 


Modified Cements 
Total Penetration, in 


Modified 
Cement 


Comparative 


Conventional 
Cement 


16 1-1/16 


ee of Devtecaton 
Bullet Gun No. 1 ° 
Bullet Gun No. 2. 545” # N- sg. 2-1/4 
Bullet Gun No, 2 4 # : Is. 5-7/16 
inside of 9%,-32. 
H-40 Csg. 
Jet Gun “ -17# N-80 Csg. 6-34 
Jet Gui 314” -174 N-80 Csg 
inside of 9%,.-32.3#4 


H-40 Csg. 
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these tests showed that penetration by either bullet or 
jet was better through casing cemented with modified cement 
than it was through casing cemented with conventional c« 
ments. Also, very little or no fracturing of the set modified 
cement was caused by perforating, whereas quite severe fra 
turing of the conventional cements was evident in some of the 
surface These indicated that 
modified cement for conventional cements offered a 
of obtaining better production in areas where difficulty is 
experienced in obtaining satisfactory penetration of the casing 
and the surrounding sheath of set cement. It also appeared 
that the modified cement might form a more effective seal 
than conventional cements, since perforation of the set modi 
fied cement did not cause fracturing. 


tests. results substitution of 


method 


Although better penetration by perforation was the primary 
objective in the development of the modified cement, there 
are two properties of the modified cement slurry which are 
not found in existing conventional cement slurries and which 
may be advantageous in the cementing of wells. One is greater 
slurry stability and the other is lower slurry density. 


Slurry Stability 


The modified cement slurry remains in suspension until it 
sets, whereas slurries of conventional slow-set cements settle 
out before they set, allowing a water-cement separation to 
occur. This property is illustrated by the data presented in 
Fig. 3. which show that slurries of the modified cement set to 
a volume approximately equal to the original slurry volume 
On the other hand, a layer of clear water collected above con 
ventional slow-set cement slurries before they set. It is pos 
sible that in some cases a considerable portion of the vertical 
distance behind the casing in a well may be void of set cement 
when a conventional slow-set cement is used. When casing is 
cemented with a cement slurry which settles out before it sets 


any irregularity in the diameter of the hole may allow bridging 
of the cement particles and cause an uncemented section to 


occur immediately below the bridge point. If this occurs, the 
fail to seal off the formations at a critical 
interval. This possible cause of cementing failure 


cement job may 
may he 


ivoided by use of the modified cement. 


Slurry Density 


The modified cement containing 12-15 lb of bentonite and 
0.5 Ib calcium lignosulfonate per sack of cement produces a 
slurry with a density of approximately 1314 lb per gal at a 
water-to-cement ratio of about 10 gal per sack. whereas con 
ventional slow-set cements produce neat slurries with a den 
sity of approximately 16 lb per gal at a water-to-cement ratio 
of about 5 gal per sack. The lower density of the modified 
cement slurry allows the placement of long columns of cement 
slurry in areas where formations will not support long columns 
of heavier conventional cement slurries. This property is pat 
ticularly valuable in those cases in which there is danger of 
losing circulation in the interval to be cemented. 


FIELD USE 


In order to explore the utility of the modified cement and 
the problems connected with its use, arrangements were made 
for field use of the modified cement on an experimental basis 
Thirty-five field jobs had been completed at the time of the 
writing of this paper. Twenty-one of these jobs were performed 
to cement the preduction string of casing for original com 
pletions. The other fourteen jobs were performed in working 
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over old wells, five of which were liner jobs and nine of which 
were squeeze jobs. A brief discussion of each type job is pre- 
sented below. 


Cementing of Production String 


Of the 21 jobs in which the modified cement was used 
to cement casing for the original completion, 18 jobs were 
performed in an attempt to evaluate the possible advantage 
of a low density slurry in the placement of a long column 
where weak formations fail to 
support a long column of conventional cement slurry. Sixteen 
of these jobs were performed in wells located in Coke and 
Runnels counties, Tex. One well was located in Marion 
County, Miss., and one was in Jefferson Davis County, Miss. 
On several jobs performed in these areas with the use of 
conventional cement, returns were lost during the placement 
of the cement slurry. When this happened, it was necessary to 
perforate the casing and perform a second cement job in order 
to obtain adequate fill-up around the casing. Often several 
cement before the weak formation was 
sealed and the desired fill-up was obtained. This procedure is 
time-consuming and expensive. It was thought that the lower 
density of the modified cement slurry would allow the place- 
ment of sufficient slurry to seal off all the troublesome zones 
by the primary cement job. Temperature surveys after cement- 
ing with modified cement showed that adequate fill-up had 
17 of the 18 wells. In the case of the one 


of cement slurry in areas 


jobs were necessary 


been obtained in 


Table I 


Physical Properties of Conventional 
Slow-Set Cements 


Brand A’ Brand B Brand C 


Water-to-cement ratio, 
gal per sack: $1, ; Hl, 

Pump Time, hrs... Halliburton Con- 

sistometer at atmos. pres.: 

Temp. of Test: 140°F ‘ y 814 
emp. of Test: 160° F ; ‘ Tis 
Temp. of 66 
Temp. 

Well Simulation Tests: 
Schedule 5 ( 8,000 ft) 

(10.000 ft) 

(12.000 ft) 


(14.000 ft) 


Schedule 6 
Schedule 
Schedule 8 
Schedule 9 (16,000 ft) 
Schedule 10 (18.000 ft) 
rensile Strength. psi: 
Cured under water at 140°F 
Age of Briquets: 1 day 3608 
2 days 5: 192 


617 


Age of Briquets 
Age of Briquets: 7 days 

Cured under water at 160°F 
357 
508 
603 


Age of Briquets: 1 day 
Age of Briquets: 2 days 
Age of Briquets: 7 days 
Cured under water at 180° 
Age of Briquets: 1 day 457 
Age of Briquets: 2 days "610 
Age of Briquets: 7 days 667 
Wet Permeability, md 
Cured under water at 175°F 
0.002 
0.001 


0.026 
0.001 


0.009 
0.001 


Age of Test Specimen: | day 
Age of Test Specimen: 7 days - 
Data obtained and furnished by Petroleum Engineering Division Service 


Laboratory, Humble Oil and Refining Co 
According to API Code 32 
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well in which fill-up was not satisfactory, full returns were 
obtained throughout the cementing operations, but the top 
of the cement was not as high as desired. It appeared that in 
this case an insufficient volume of cement slurry was used. 
The cementing of Sallie Odom D-1, Runnels County, Tex.. 
was typical of the 17 jobs which were completed successfully: 
After 9,-in. set at 363 ft, 7%,-in. 
hole was drilled to 5.294 ft and 5'%-in. casing was cemented 
at 5.291 ft with 650 sacks of modified cement. A tempera 
ture survey after cementing located the top of the cement 
at 1.120 ft. which indicated that the cement job was satis- 
factory, since no troublesome zones were believed to exist 


surface casing was 


above that point. The well was completed satisfactorily by 
the open-hole method. 

the 21 jobs were done in an 
effort to evaluate the possible advantage of a low-strength set 


Three of primary cement 


cement in obtaining better perforating results through the 


production string of casing and the surrounding sheath of 
cement. Production after perforating the casing indicated that 
a good primary cement job had been obtained in all three 
jobs. Interesting results obtained on Seeligson C-126, Kleberg 
County. Tex.. are described below. 

After 9%,.-in. surface casing was set at 2,002 ft. 8% <-in 
hole was drilled to the total depth of 7,200 ft and 5%-in. 
casing was cemented with 660 sacks of modified cement. 
Rotowall type scratchers were attached to the casing from 
7,090 to 7,100 ft and from 7,105 to 7.125 ft. Clear salt water 
was produced through 24 bullet perforations from 7.112 to 


CONVENTIONAL CEMENT 
Tense wrongs 4:6 Bs per se 


MODIFIED CEMENT 


Tense strengrh 21) (8 per se 


CONVENTIONAL CEMENT 
Terme strong 659 ite 


MODIFIED CEMENT 


owe Tonle strengis 204 is per se 


MODIFIED CEMENT 
Tensile strength 204 (0s per se 


CONVENTIONAL CEMENT 
Terme wrengis 659 Os per se 


FIG. 2 
SET 
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7.116 ft. Ninety were 
squeezed through these perforations. The surface break- 
dow n 


sacks of conventional cement slurry 


pressure was 4,300 psi and the squeeze pressure 
5,000 psi. Afterwards, the well pro- 
duced clean oil with a low gas/oil ratio through perfora- 
tions from 7,093 to 7,101 ft. The behavior of the squeeze 


job indicated that a good seal between the casing and the 


was approximately 


formation had been obtained with the primary cement job. 
Also, the production of clean oil through perforations just 
11 ft above previous perforations through which clear salt 
water was produced indicated that the seal was not de- 
stroyed by perforation 


Cementing of Liner 


Modified cement was used to cement liners in working ovet 
five wells which had been completed originally by the open- 
hole method. gas oil 
ratio of these wells became excessively high and it was thought 
that this condition might be corrected by setting liner in the 


After several years of production, the 


open hole and obtaining production through perforations in 
the All these jobs were done on wells in the Means 
Field, Andrews County, Tex. A typical job on J. S. Means 20 
below 


liner 


Is des ribed 
Chis 


casing at 


well was completed originally by setting 
4.183 ft with 7%4-in. open hole to 4,532 


acidizing the open hole. Since the open hole was 


5¥o-in. 
ft, and 
drilled 
originally to a diameter of 734 in. and probably contained 
enlarged it was thought that the well could be 
recompleted more readily by perforating through the liner 
and modified 


sections, 


used instead of 
conventional cement. The workover job was done, therefore, 
t-in the the modified 
cement, jet-perforating the liner, and acidizing the forma- 
tion through the perforations. After the workover 
the well able to make its unpenalized 
with a gas oil ratio below 1.500 cu ft per bbl. 
Che results indicated that the liner was cemented success- 
fully the that 
production was established through perforations in a fairly 
thick sheath of cement. 


set cement 1f cement were 


by setting liner in open hole with 
job was 
completed was 
allowable 
modified and satisfactory oil 


with cement 


Squeeze Cementing 


One of the nine squeeze cement jobs was done in order to 
obtain a set cement which could be readily perforated even 
a thick sheath of set cement surrounded the casing. 
well, J. H. P. Davis 23, Fort Bend County, Tex.. 
had produced a large amount of sand, it was probable that 


though 


Since this 


the section surrounding the perforated casing was enlarged. 
After the squeeze job. satisfactory production was obtained 
by gun-perforation of the original producing interval against 
which the modified cement slurry had been squeezed. 

The other eight squeeze jobs were done in an attempt to 
shut off either water or gas production in wells which were 
producing through perforated casing. In each case cement 
slurry was squeezed through the existing perforations and 
the casing was reperforated. Most of these jobs were done in 
attempts to shut off water production, and the casing was 
reperforated in either the same interval or slightly higher in 
\ typical job of this type. per- 

B-6. Kenedy 


the same producing zone. 


formed the Kenedy Jr. County, Tex.. is 


described below 


on 


This well was producing oil and a small amount of salt 
water through perforations from 6,922 to 6,926 ft when the 


» 


water production increased from 2 per cent to 80 per cent 


an interval of one month. Ninety sacks of modified 
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cement slurry was squeezed through these perforations 

with a final surface squeeze pressure of 3,300 psi. After 

the casing was jet-perforated from 6,915 to 6,925 ft, the well 
flowed approximately 65 per cent oil, 35 per cent salt water 

The results on this workover job were inconclusive. since 

it was impossible to determine whether the squeeze job 

failed to seal off the water or whether the interval per 
forated contained water. 

Although the use of modified cement seemed advantageous 
in squeeze cementing a well which contained an enlarged sec- 
tion in the producing interval, no definite advantage was evi 
dent in ordinary squeeze cement jobs performed to shut off 
either gas or water production. 

In all the field jobs performed to date, no difficulty in the 
placement of the modified cement slurry and no 
attributable to the cement itself has occurred except on one 


failure 


squeeze job. During this squeeze job, it was impossible to 
pump reverse circulation. 
Regular circulation (long way) was established, but the 
retrievable tool became lodged in the casing during its 
removal. Inadequate mixing of the dry cement, clay, and lig 
nosulfonate may have caused the cement slurry to set faster 
than expected, but other factors may have been responsible 
for the difficulty. The exact cause of the trouble was not 


the excess cement slurry out by 


identifiable. 


MIXING, COMPOSITION AND COST OF 
MODIFIED CEMENT 


The mixing of the three dry constituents 
cement, bentonite clay, and calcium lignosulfonate 
at bulk-cement plants. For the field jobs performed to date. 
the clay and lignosulfonate were added separately as the ce 
ment was transferred from railroad cars to bulk-cement trucks. 
In most cases, the mixing has been fairly satisfactory but it 


normal portland 
was done 


has required close supervision. Better mechanical facilities 
for the dry mixing are needed in order to assure proper mix 
ing of the dry constituents without excessive supervision 

The modified cement tends to lump and to form a very thick 
slurry which appears to be poorly mixed: however, the agita 
tion which occurs as the slurry passes through the pumps is 
sufficient to deliver a well-mixed slurry into the 
Slurry samples obtained from the line between the discharge 


borehole. 


of the pumps and the wellhead are smooth and lump-free 
even though the slurry in the sump tub is very lumpy. A 
smooth slurry relatively free of lumps in the sump tub is 
desirable, however, because it facilitates the weighing of the 
slurry and the judging of the slurry consistency and density 
by visual observation. On several field jobs, a small mechani 
cal mixer in conjunction with the usual jet mixer has given 
smooth, lump-free slurries in the sump tub. Also, 
improvements to jet mixers have resulted in more satisfactory 
mixing of the modified cement slurry. 


certain 


Observations of the first few field jobs indicated that slur- 
ries prepared in the field were thicker than slurries prepared 
in the laboratory. This was probably due to the difference in 
slurry mixing. In order to find the optimum bentonite clay con 
centration for field use. the clay content was varied from 9 to 
14 lb per sack of cement on several succeeding field jobs 
These results indicated that the modified cement slurry pos 
when the clay 
about 12 lb per sack of cement; therefore, most of the field 
jobs have been performed with 12 lb of clay per sack of 


sessed the desirable consistency content was 


cement. Variations in the lignosulfonate content have ranged 
from 0.3 to 0.6 lb per sack of cement; however. the lignosul 
fonate content has been near 0.5 Ib per sack of cement for 
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most of the field jobs. On several field jobs, chopped cello- 
phane was added to help combat any tendency to lose slurry 
to weak formations. The water-to-cement raties of the slurries 
have varied from about 9 to 12 gal per sack with slurry den- 
sities from approximately 13.7 to 12.7 lb per gal, respectively. 

The cost of materials to prepare a given volume of modified 
cement slurry is at present about 15 to 20 per cent less than 
the cost of materials to prepare the same volume of conven- 
tional slow-set cement slurry. With cement at $1.10 per sack. 
bentonite clay at $1.75 per 100 lb, and calcium lignosulfonate 
at $12.00 per 100 Ib, materials for preparing one cu ft of 
modified slurry with a water-to-cement ratio of 10 
gal per sack cost $0.75. In comparison, 1 cu ft of regular 
neat cement slurry with a water-to-cement ratio of 5 gal per 
sack costs $0.96. This comparison does not include the cost 
of mixing the bentonite clay and calcium lignosulfonate with 
the cement. 


cement 


CONCLUSIONS 


1. The results of laboratory-scale tests show that a modified 
low-strength composition having pumpability and permeability 
properties satisfactory for well cementing may be prepared by 
the addition of clay and a dispersing agent to normal portland 
cement. The slurry has lower density and better stability than 
conventional cement slurries. The set modified cement is more 
bullets or jets than is conventional 


readily penetrated by 


cement. 

2. The results of field tests indicate that the low density 
of the modified cement slurry is advantageous in the cementing 
of casing through zones in which there is danger of losing 
circulation with higher density slurries of conventional cement. 
This property of the modified cement slurry has apparently 
eliminated in some cases the time and expense of the stage 
cementing which would have been necessary with the use of 
conventional slurries. 

3. The results of field tests indicate that the greater ease 
of penetration of the modified cement may be helpful in assur- 
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ing the perforation of fairly thick cement sheaths, and in 
preventing loss of seal due to shattering of the cement. 


1. The results of field tests indicate that the modified 


cement has no particular advantage over conventional cement 


in squeeze cementing operations, unless the cement is to be 


squeezed into an enlarged hole section and subsequently 
perforated. 

5. The relatively the 
cement offers an economic advantage over the cost of conven- 


low cost of materials for modified 


tional cement. 
ACKNOWLEDGMENT 
The authors wish to express their appreciation to R. A. 
Salathiel for his thoughts and efforts during the early develop 
ment of this work, to G. E. Cannon for his help in arranging 
the field jobs and to Humble Oil and Refining Co.’s division 
and district personnel who conducted the field jobs. Appre- 
ciation is also extended to the management of Humble for 
permission to publish this paper. 
REFERENCES 
Barkis. Bruce: “Cements and Cementing Practices.” 
Production Division Proceedings, (1931) 157. 
Farris, R. F.: Trans. AIME, (1946), 165. 175-188. 
Oliphant, S. C.. and Farris, R. F.: Trans. AIME, (1947), 
170, 225-242. 
. Craft, B. C., Johnson, T. J.. 
AIME, (1935), 114, 62-68. 
. Coleman, J. R.. and Corrigan, G. 
142, 205-215. 
Willson, Cedric: 
Oil-Well Cementing 
Prac... (1941), 293-299. 


API, 


and Kirkpatrick, H. L.: Trans 
L.: Trans. AIME, (1941), 


“Gel Cements and Their Application in 
API Drill. and Prod 


Operations, 


DISCUSSION 


By WC. Goins, Jr.. Gulf Oil Corp., Houston, Tex. 


The authors of the paper are certainly to be complimented 
on their interesting and well prepared paper, and on their 
valuable contribution to the technique of oil well cementing. 
| feel that due to and low slurry densities 
afforded by the modified cements that we shall eventually see 
a rather extensive use of these materials. This should be par- 
ticularly true in those areas where trouble is experienced in 
obtaining a satisfactory “fill-up” during casing cementing. 


the economies 


I have been associated with some recent laboratory experi- 
mental work with modified cements of the same and similar 
compositions as that of the authors. | would like to state that 
the results of this work verifies the authors’ contentions that 
cements of this composition satisfy requirements as to strength, 
pumpability, and stirring time. | think it should be empha 
sized that although the modified cements as described are pre 
pared from standard portland cement. they exhibit stirring 
times which make them comparable to slow-set cements. This 
is due not only to the increased water-cement ratio used. but 
also to the strong retarding action of the calcium lignosul- 
fonate. 

Recently laboratory 
slurries prepared from two different brands of portland ce- 


tests were made of modified cement 
ments. Stirring of the slurries was continued while the tem 
perature and pressures were increased at a rate designed to 
simulate the conditions of cementing in average Gulf Coast 
wells. The stirring time to 100 poises viscosity was then taken 
as the pumpable time of the slurries. These tests were made 


in a Stanolind Super-Pressure Thickening Time Tester in 
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accordance with the methods of simulating casing setting 
operations as set forth in the API Code for Testing Cements 
Used in Wells. They showed that at a depth of 10,000 ft 
cements of a composition near that described had a pumpable 
time of from one to one and one-half hours in excess of that 
required to mix and displace 300 sacks of cement to that depth 
during casing setting. Increasing the calcium lignosulfonate to 
0.6 per cent gave slurries which were pumpable for as long 
as any of four slow set cements in 10,000 and 14,000 ft simu- 
lated casing cementing tests where the slow set cements were 
prepared as normal 40 per cent slurries. I think this indi- 
cates that the use of the modified cements need 
fined to those shallow depths at which portland cements are 


not be con- 


normally employed. 

One question which undoubtedly would be raised elsewhere, 
if not here, is whether the slow set cements could be used to 
prepare modified cements, in which case it might be assumed 
that the calcium lignosulfonate could be omitted. Our own 
experience, though somewhat limited in scope, indicates that 
it would be somewhat questionable. With one slow-set cement 
made up as a modified product, the use of 10 per cent benton 
ite seemed to completely destroy the slow-setting properties. 
With two other slow-set cements pumpability tests of modi- 
fied indicated that but with 
another the slurry pumped for an excessively long period of 


slurries they might be used. 
over 8 hours in simulated deep well tests. These tests were 
made in a super-pressure consistometer, as described before, 
and without any added calcium lignosulfonate. 

Since these tests indicated erratic performance of the slow- 
set cements when made into slurries of the modified type, and 
since all of the portland cements tested gave consistent results, 
it was felt that 
Also. the cost of the lignosulfonate. plus the cost of mixing 
it into the dry cement. is less than the difference in price 
between portland and slow-set cements. I should like to ask 


regular portland cement should be used. 


the authors whether slow-set cements should be used for the 
purpose of making modified cements of the type they have 


desc ribed 
AUTHORS’ REPLY TO MR. GOINS 
We wish to thank Goins for his pertinent remarks and for 


that with normal 


portland cements, 


modified cements prepared 
bentonite clay, and calcium lignosulfonate 


emphasizing 


possess suitable pumpability properties for use in deep wells. 
about the use of conventional 
prepare modified the type 
described in the paper, our experience has been about the 
our 


the 
cements to 


In answer to question 


slow-set cements of 
same as the experience which you reported. Early in 
found that the pumpability time of slow-set 
cements containing large percentages of bentonite clay varied 
from brand to brand. We did very little work. 
an effort to produce a high bentonite content 
cement slurry using Instead, most of 
work was done with high early strength and normal portland 
cements. We found that the pumpability time of slurries pre- 
pared with high early strength or normal portland cement. 
bentonite, and calcium lignosulfonate varied little from brand 
to brand. We found, furthermore, that the pumpability time 
could be extended by increasing the concentration of calcium 
affording 
pumpability time of the slurries. 


investigation, we 


considerably 
therefore. in 


slow-set cements. our 


lignosulfonate. thereby a means of controlling the 


In summary. it appears that some brands of slow-set cements 
may be suitable for producing high bentonite content cement 


may not be suitable for this 
x * * 


slurries. while other brands 


purpose. 
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ABSTRACT 


During the drilling of wells, fractures which are created 
or widened by drilling fluid pressure are suspected of being 
a frequent cause of lost circulation. A study of the variables 
which are believed by the authors to be related to fracturing 
led to the premise that the presence of an effective lost cir 
culation material in a drilling mud stream would serve to plug 
small fractures at the moment they are encountered or cre 
ated and thereby eliminate a possible cause of lost circula 
tion by preventing fluid pressure from widening and extending 
the fractures. 

A large number of lost circulation materials were classified 
and tested in simulated fractures and in shallow wells. Granu 
lar type materials with a gradation of particle sizes were 
found to be the most effective for plugging. Within the limits 
of pumpability, the concentration in mud of each lost circula- 
tion material tested was found to be a controlling factor in 
determining the maximum size fracture which could be sealed. 
\ new type centrifugal sorter was given preliminary tests and 
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found to be capable of concentrating cuttings for rejection 


and reclaiming lost circulation materials. 


INTRODUCTION 


The control and prevention of lost circulation of drilling 
fluids is a problem frequently encountered during the drilling 
of oil and gas wells. 

Lost circulation or lost returns may be defined as the loss 
to formation voids of the drilling fluids or cement slurries 
used in the process of rotary drilling and well completion. The 
loss may vary from a gradual lowering of mud level in the 
returns. Not to be 
reduction in 


confused 
with lost continuous mud 
volume caused by the lgss of the fluid phase of muds as filtrate 
and the solid phase as filter cake during the continuous fil- 
tration process which occurs on permeable formation surfaces. 


pits to a complete loss of 


circulation is the 


The loss of drilling fluids and their costly constituents is 
only one of the detrimental effects experienced when circula- 
tion is lost. The loss of drilling time, plugging of potentially 
productive formations, stuck drill pipe. blow-outs, excessive 
inflow of water, and excessive caving of formations are other 
effects which contribute to make the control and prevention 









































FIG. 1 — NATURAL OR INTRINSIC FRACTURES 
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AN ANALYSIS AND THE CONTROL OF LOST CIRCULATION 


Table | 


Induced Fractures 

type 1. May occur in any type rock, but would 
be expected in formations with charac- 
teristically weak planes such as shale 
I is usually sudden and accompanied 

complete joss of returns. Conditions 
are conducive to the forming of induced 
fractures when mud weight exceeds 10.5 
Ib/gal. 
Loss may 
pressure. 
When loss of circulation occurs and ad- 
jacent wells have not experienced lost 
circulation, induced fractures should be 
suspected 


Natural Fractures 

1. May occur in any 
rock 

2. Loss is evidenced by 
gradual lowering of mud 
in pits. If drilling is 
continued and more frac- 
tures are exposed, com- 
plete loss of returns may 
be experienced. sudden 


follow any surge in 


of loss of circulation one of the most challenging problems 
of the industry. Not uncommon is abandonment of wells due 
to failure to regain circulation. 

The magnitude of the problem prompted the initiation of an 
investigation of the various aspects of lost circulation. The 
objectives of this paper are to present the results of this in- 
vestigation to date and to stimulate interest and discussion. 



























































FIG. 2 — INDUCED OR CREATED FRACTURES. 
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Identifying Features 


Cavernous 
1. Normally 
limestone P 


Unconsolidated Formations 
confined t 1. Gradual lowering of mud level in pits 
Loss may become complete if drilling is 
continued 
Since it is known that the 
ability must exceed 100 darcys 
mud can penetrate and that oil or gas 
sand permeability seldom exceeds 3.5 
darcys, it is improbable that loose sands 
are ever the cause of mud loss to an oil 
or gas sand unless the loss can be at- 
tributed to the ease with which this type 
of formation fractures 


OSS returns may 
complete 


from 


and 
drop 


inches to 


sudden 
may 


rock perme- 


before 


se 
just preceding loss 


4. Drilling may be “rough 
before Joss 


FACTORS AFFECTING LOST CIRCULATION 


A. TYPES OF FORMATIONS CAUS 
LOST CIRCULATION 
Classification 


Study of literature disclosed that the types of formations 
w subsurface conditions which are the cause of, or are sus- 
ceptible to, lost classified 
times by various authorities. and that there is an agreement 
among most authorities that the subsurface conditions fall in 


circulation have been numerous 


four categories 
1. Natural or 


Induced or Created Fractures (Fig. 2). 


Intrinsic Fractures (Fig. 1). 


3. Cavernous Formations (crevices and channels) (Fig. 3). 


1. Unconsolidated or Highly Permeable Formations (loose 


(Fig. 4). 


Coring of wells has shown that induced fractures may be 


gravels) 


horizontal, vertical, or at various angles to a bore. 

Induced or created fractures are distinguished from natural 
fractures primarily by the fact that the loss of mud to induced 
fractures requires the imposition of pressure of sufhicient mag- 
nitude to break or split. or to part formations, while the loss 
of mud to natural fractures requires only sufficient pressure 
that of the fluid within the formation. The latter 
presupposes that in their 


lo exe eed 
condition undisturbed state 


natural fractures may be wide eneugh to permit mud entry 


some 


adjacent 
and certainly the size fractures observed in many 


without compacting superimposed, underlying, or 
formations, 
cores indicate that this is possible. In this paper, the terms 
natural and intrinsic fractures refer only to those fractures 
conforming to the conditions above. The term “fractures” used 
intrinsic and induced or cre- 


alone refers to both natural or 


ated fractures. 

Cavernous formations differ from fractures in that caverns 
are probably a result of solution phenomena. Loss of mud to 
caverns occurs when the mud pressure exceeds the formation 
pressure of the caverns. 

The loss of mud to loose gravel requires that the intergranu- 
lar passages be of sufficient size to permit whole mud entry 
and, as in the case of natural fractures and caverns, the mud 
pressure logically must exceed the formation pressure. 


Recognition 


Positive identification of the type of formation causing lost 
circulation always is an important factor in determining a 
means of regaining circulation. To assist in identifying the 
type of formation. field observations made during and just 
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FIG. 3 


CAVERNOUS FORMATIONS 
































FIG. 4—UNCONSOLIDATED OR 
(LOOSE GRAVELS.) 


prior to the occurrence of lost circulation that are believed 
indicative of the type of lost circulation being encountered, 
together with a few other distinctive characteristics, are com- 
piled in Table L. 

Probably the most difficult type of lost circulation to con 
is that occurring in formations containing cav- 
the fact that this type of lost circulation is not 
producing areas tends to subordinate it in the 
opinion of the authors to the problem of controlling cireula 
tion lost to induced fractures. Such fractures are believed to 
be created most frequently while drilling into the abnormally 
high pressure formations which are encountered in a geo 
graphical belt along the coast of the Gulf of Mexico, and in 
sections of East and West Texas, and North Louisiana, al- 
though induced or created fracturing may possibly occur in 
many normal pressure areas. When penetrating these forma 


trol or prevent 
erns; however. 
common in all 


tions the use of heavy drilling muds is necessary. As a result. 
in many instances, the sum of the pressure of the high hydro 
static head required to control the abnormal formation pres 
sure, plus the pressure required to circulate. may approach 
that pressure which will part. split, or breakdown forma 
tions and result in loss of drilling fluids. Under these circum 
stances, it is quite evident that any slight increase in pressure 
by any one of several means to be discussed later 
sufficient to destroy the close balance of pressure between 
formation and drilling fluid and result in the creation ot 
widening of a fracture. 


may be 


B. HOLE CONDITIONS 


To define more clearly the problem of loss of mud to in 
duced fractures, it was necessary to determine the well condi 
tions which might contribute to or cause loss of circulation 
to this type fracture. 


Vol. 192, 1951 


PETROLEUM TRANSACTIONS, AIME 


HIGHLY PERMEABLE FORMATIONS 


The requirements for forming fractures are pressure and 
surfaces upon which the pressure may act so that the resultant 
forces are of sufficient magnitude and are exerted in such a 
manner so as to tend to part or split formations. 

\ study of possible well bore anomalies indicates that the 
following conditions may exist and any one of these condi- 
tions might lead to formation fracturing and loss of mud. 





o- 

















FIG. 5 - HOMOGENEOUS, IMPERMEABLE WALLS FOR FRACTURING AC- 
CORDING TO THICK WALL CYLINDER THEORY. 
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FIG. 6— WELL IRREGULARITIES SUCH AS NOTCHES AND ELLIPTICAL 


| ENLARGEMENTS CAUSING FRACTURING. 


Homogeneous, Impermeable Walls 


permit the application of the 
fractures 


These conditions (Fig. 5) 
thick wall cylinder theory wherein 
/ when the internal (fluid) pressure exceeds the tensile strength 
of the rock, plus the unknown external pressure acting to pre 
+ vent the rock from breaking in tension. 


vertical occur 


Well Irregularities 


Irregularities which may cause fracturing are notches and 
' elliptically shaped enlargements (Fig. 6). 

Pressure may tend to part formations at the enlargements 
At the most, the pressure must exceed the sum of the rock 
strength, plus the effective overburden pressure. Effective over- 
burden pressure is defined as the pressure required to inject 
a fluid into a formation after it has been fractured. 


Intrinsic Fractures 

Drilling fluids may enter intrinsic fractures (Fig. 7). permit- 
ting pressure to act in directions perpendicular to fracture 
planes. The fractures widen to allow further fluid entry. The 
pressure need only to exceed the effective overburden pressure, 
plus the pressure required to extend the fractures. 


Permeable Zones 


Drilling fluids may enter permeable zones (Fig. 8), causing 
pressure to be exerted in the porous media. Formations are 
fractured permitting further fluid entry. At the most, pressure 
must exceed the sum of effective overburden pressure plus the 
pressure required to overcome the strength of the rock in the 
permeable zone along the weakest plane. 


Closed Hydraulic System 


With a well closed-in 
only increases bottom hole pressure but may also place a pot 
tion of a formation in tension by exerting an upward force 


174 


(Fig. 9), any surface pressure not 


on the pipe equal to the surface pressure times the inside 
cross-sectional area of the pipe. This condition is probably 
significant in shallow wells only. 

It is possible that any or all of these conditions may be 
present in a single well: thus when pressure reaches a critical 
expected that induced fracturing and 


magnitude, it may be 


loss of circulation will occur first in the weakest zone. 


C. DRILLING FLUID PRESSURE 
Pressure to Fracture 


A review of the records of squeeze cementing. acidizing. 
and hydraulic fracturing operations in 276 wells in the Mid- 
Continent and Gulf Coast areas shows that bottom hole pres- 
sure gradients in wells that were intentionally fractured in 
the process of treatment varied 0.65 psi to 1.14 psi per ft of 
depth. Values as low as 0.55 to 0.60 psi per ft of depth have 
These pressure gradients 


are obtainable with muds weighing from 10.5 lb/gal to 22 


been reported from other sources. 


lb/gal. A plot of the pressure required to fracture the for- 
mations appears in Fig. 10. The significance of the depicted 
that it 


the hydrostatic pressure created with muds weighing less than 


data is may be possible to fracture formations with 
those frequently employed in current drilling operations. After 
the occurrence of fracturing, the pressure required to displace 
fluids into formations is substantially lower than that required 
for fracturing. See Fig. 11. 

The data in Figs. 
maintaining the lowest possible pressure against formations to 


10 and 11 emphasize the importance of 
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FIG. 7 — INTRINSIC FRACTURES AS THE CAUSE OF ADDITIONAL FRAC- 
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FIG. 8 — PERMEABLE ZONES AS THE CAUSE OF FRACTURING 


prevent lost circulation and are intended to serve as a guide 
in predicting what pressure may be regarded as in the critical 


zone. 


Causes of Excessive Pressure 

It has already been shown that the hydrostatic head of a 
column of mud may be sufficient to fracture a formation even 
before imposing the additional pressure required for circula 
tion of the mud. With the hydrostatic pressure near a critical 
point and reduction of mud weight limited by the pressure 
necessary to control formation fluid pressure, the variables 
which affect the circulating pressure become an important 
consideration. 

Changes in certain mud properties may directly or indirectly 
affect the circulating pressure. The most important are: 


1. Drilling Mud Weight. 

In addition to a reduction in hydrostatic head, it has been 
demonstrated by other investigators that as mud weight de- 
creases, the pumping pressure for a constant circulating rate 
decreases proportionately.’ 


2. Flow Properties. 
Experimentation has shown that drilling muds behave as 
and, therefore. while in laminar flow, any 


10,41 


plastic fluids” 
reduction of yield value and rigidity permits *an appreciable 
reduction in pump pressure while maintaining a constant rate 
of flow. The effect of varying the flow properties is shown in 
Fig. 12. If the yield value ¢, and rigidity n, as defined by curve 
A are reduced to ¢t,, and n,, as defined by curve B, it may be 
noted along the ordinate that the pressure drop required for 
in the region of laminar flow is much 
1. In the region of turbulent 


a constant velocity 
lower for curve B than curve 
flow the change in pressure from curves A to B for a constant 


velocity is less pronounced. 
3. Filtrate Rate. 

A high filtrate rate mud may indirectly increase pressure 
against formations by creating a thick filter cake which re- 


stricts mud flow up the annulus or may cause bridging. 
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Other causes for increases in pressure are: 
1. Inertia of Mud Column. 

When circulation is stopped for a period of time, any sud- 
den application of pressure to start circulation may impose 
an unnecessarily high pressure peak on a formation due to 
the gel strength and inertia of the column of mud. 

2. High Circulating Rate. 

The use of high circulating rates to remove cuttings in many 
instances imposes excessive pressure on formations. The same 
efficiency of cutting removal may be achieved without danger 
of causing lost circulation by altering the mud _ properties. 
3. Hole Enlargements. 

Hole enlargements may reduce mud velocity so as to allow 
cuttings to accumulate and then bridge at the point where 
the annulus is nearer normal causing pressure surges. 

4. Surging of Pumps. 

The results of an investigation conducted on a drilling rig 
in West Texas indicated that a variation in bottom hole annu- 
lar pressure greater than 250 psi may be expected due to 
pump surges. Such a surge in a well 5,000 ft deep would be 
equivalent to increasing the mud weight over 1 lb/gal. 

5. Swelling of Casing Protectors. 

Swelling of casing protectors may cause restrictions in the 
annulus which necessitate increases in pump. pressure to 
maintain a desired circulating rate. 

6. Lowering of Drill Pipe. 

One of the frequent causes of increased pressure is rapid 
lowering of the drill pipe. The bit forces fluid ahead at a 
greater rate than the fluid can flow back through the fluid 
ports. This failure of the fiuid ports to accommodate the dis- 
placed mud may result in a pressure peak on the exposed 
formations. 


PREVENTION OF LOST CIRCULATION 
TO FRACTURES 


Precautionary measures to eliminate high pressure and 
pressure surges evidently many times fail to prevent the crea- | 
tion of fractures and loss of mud. The difference in the pres- 
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FIG. 9 — CLOSED HYDRAULIC SYSTEM CAUSING FRACTURING. 
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FIG. 10 — FORMATION BREAKDOWN PRESSURES OBSERVED DURING 
TREATMENT OF 276 WELLS IN THE MID-CONTINENT AND GULF COAST 
AREAS. 


sure capable of fracturing formations and that required to 


control formation pressure is often so slight that loss of cir- 
culation is unavoidable. Study of possible means of preventing 
‘fracturing under this condition suggests that the presence of 
a suitable material in the mud at the instant fractures occur 
jor are encountered should serve to plug the fractures immedi- 
ately and thereby prevent the fluids from entering and widen- 
ting the fractures. Such a preventative measure would achieve 
its effectiveness by sealing the fractures in their incipient 
state rather than after they have been widened and extended 
by inflow of mud. Practical application of this theory would 
now suggest the use in the mud stream of the maximum effec- 
tive concentration of the most effective lost circulation material 
for plugging fractures. 


o/Maximum 


Average 
0. 


? 
y* 2? 


¢ 
¢ 


DEPTH, thousands of feet 


FIG. 11 — PRESSURES TO INJECT FLUIDS INTO FRACTURES AS OB- 
SERVED DURING THE TREATMENT OF 276 WELLS IN THE MID-CONTI- 
NENT AND GULF COAST AREAS 
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\ series of tests were initiated to determine the most effec- 
tive materials for plugging fractures and to determine the 
maximum effective concentration of these materials. 


Comparison of Materials 


With a variety of lost circulation materials available, tests 
and organized study were facilitated by first classifying the 
materials with respect to their physical properties. It was 
found that almost all lost circulation materials fall into one of 
the four following classifications: 

1. Fibrous — additives which have relatively little degree of 
rigidity and are pictured as tending to mat or entangle on the 
surface of or within a formation capable of taking mud. 

2. Granular — additives which have rigidity and thus are 
able to bridge and wedge either at the face of or within for- 
mations capable of taking mud. 

3. Lamellated — additives with the appearance of thin lay- 
ers, scales, flakes, or sheets which may or may not have any 
degree of rigidity. The action of such an additive is to mat as 
shingles over a formation face or bridge in restrictions in a 
fracture. 

4. Dehydratable 
deprived of their carrier or extraneous fluids and thus formed 
into a semisolid plug through which drilling fluid particles 


materials which are capable of being 


cannot penetrate. 

To compare selected materials representative of all four 
types, tests were made of the ability of the materials to seal 
simulated fractures and loose sands and gravels. 

Fractures were simulated by placing cement on both sides 
of a metal shim, 18 in. long. centered inside of a pipe, 51% in. 
in diameter, which was lined with sheet rubber, 1% in. thick. 
Removal of the shim after the final set of the cement created 
a smooth fracture 4 in. wide, 18 in. long, and with a clear- 
ance equal to the thickness of the shim (see Fig. 13). Pres- 
sure taps were placed at intervals along the pipe. The test 
fractures described were so designed to permit expansion or 
enlargement should pressure be imposed on the fracture 
planes. In this manner bottom hole lost circulation conditions 
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FIG. 13 — SIMULATED TEST FRACTURE. 


were partially simulated. The pipe sections containing the sim 
ulated fractures with clearances of from .017 to more 
0.2 in. were hung in a vertical position from a manifold 
nected to a piston type pump. This range of fracture cleat 
ances was selected because it compared to that observed in 
cores removed from wells following loss of circulation 


than 


and 
cement squeeze operations. The testing procedure consisted 
of pumping drilling mud containing controlled concentrations 
of lost circulation materials through the fractures until a seal 
was effected which would withstand 1,000 psi pressure differ 
ential. With each size fracture the concentration of material 
was increased in small increments until a seal was achieved 
or until the poor pumpability of a high concentration pre 
cluded further tests. The volume of mud which passed through 
a fracture before obtaining a seal was measured and recorded 
If 40 gal were pumped through a fracture and failed to seal 
the particular concentration was judged incapable of sealing 
the size fracture being tested. The results of representative 
tests are shown in graphical form in Fig. 14. The importance 
of the use of the maximum effective concentration of material 
is clearly demonstrated in this figure. For example, as in the 
case of the fibrous material, a concentration of 12 lb/bbl is 
indicated to be capable of sealing a fracture with a clearance 
of 0.11 in.; whereas a concentration of 4 lb/bbl was found 
capable of sealing a fracture with a clearance of only .07 in 
Within the limits of pumpability any concentration in excess 
of 12 lb/bbl would not seal any fracture larger than .11 in 
therefore 12 lb/bbl becomes the maximum effective concentra 
tion of the particular fibrous material. 

Fig. 15 presents a summary of the evaluation tests by listing 
the additives in the order of effectiveness which in the tests 
was determined by the size fracture which was sealed. This 
compilation indicates that the most effective materials for 
plugging fractures and withstanding high pressure differentials 
are the granular type. 


Material Plugging Characteristics 
In agreement with previous work with granular materials 
it was found that the effectiveness of all granular materials is 


dependent upon a proper gradation of particle sizes to give 
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the bridged mass of particles a sufficiently low permeability 
to prohibit the passage of fluids and thereby be an effective 
seal. 

Inspection of the seal effected by fibrous, granular, and 
lamellated materials revealed that the seal occurred at the 
entrance of the fractures, thus fluid pressure was prevented 
from being exerted within and widening the fractures, as was 
evidenced by the zero readings on pressure gauges connected 
to the fracture while the pressure at fracture face read 1,000 
psi. This manner of sealing may offer an effective solution to 
the problem of prevention of mud loss to fractures. 

The results of tests conducted in a number of laboratory 
shallow indicate that dehydratable materials such as 
cement or high fluid loss mud have been successful in regain- 
ing circulation in formations previously fractured. These re- 
sults were substantiated by a test in the High Island Field at 
a depth of 1,538 ft where a formation was intentionally frac- 
tured just below the surface casing. The use of a set-killed 


wells 


high-water-loss cement forced into the fracture permitted an 
increase in circulation pressure to a value above that originally 
required to breakdown the formation, This action is similar to 
that which is experienced when obtaining high final pressures 
during The effectiveness of a 
dehydratable material may depend upon the presence of a 
permeable zone and it is improbable that shale sections could 
afford in the walls of all fractures the permeability necessary 


cement squeeze operations. 


to allow dehydration. However, this does not preclude the 
possibility of the material dehydrating through its own mass 
within the fracture itself, once a bridge is formed in a restric- 
tion, so as to form a plug capable of preventing the flow of 
whole mud and loss of circulation. 

All of the materials, except the dehydratable type, were 
tested through loose gravel and sand and found capable of 
effecting a seal. Due to the similar sealing characteristics of 


all the 


made in this respect. 


materials in sands and gravels, no comparison was 

With granular materials indicated to be most suitable for 
preventing fracturing, additional tests were initiated to sub- 
stantiate the merits of these materials. The first series of tests 
consisted of squeezing a low-water-loss cement containing a 
granular lost circulation material into a well in a simulated 
homogeneous formation to determine the ability of the mate- 
rial to prevent enlargements of fractures. An example of the 
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FIG. 14 — EFFECT OF CONCENTRATION OF LOST CIRCULATION MATE 
RIALS WHEN SEALING FRACTURES 


177 





T.P. 3096 


results obtained in these tests is shown in Fig. 16, which shows 
a horizontal cross-section of the well after the cement slurry 
had set under pressure. The formation was fractured, but 
extension of the fractures appeared to have been prohibited 
by the bridging of the granular material at the initial stages 
of the fractures. 

The second series of tests was conducted in shallow wells 
drilled in the laboratory yard. The ability of granular lost 
circulation material to prevent the occurrence of lost circula- 
tion was illustrated in a test in two ft of open hole in a well 
15 ft deep. The formation was fractured at a pressure of 
1,100 psi and mud containing a granular material pumped 
into the hole. The material sealed the fracture and permitted 
the imposition of 3,000 psi pressure. The well was pumped 
dry, and by employing a system of mirrors, the open hole 
section was photographed. A picture typical of those obtained 
appears in Fig. 17, where granular materials bridged and 
matted at the entrance of two fractures may be seen. This 
test indicated that the presence of a surface sealing lost circu- 
lation material in the mud permitted the application of pres- 
sure well above that normally required to fracture the forma- 
‘tion and apparently prevented the fluid pressure from acting 
' within the fracture already created. 


AN ANALYSIS AND THE CONTROL OF LOST CIRCULATION 


Disposing of Cuttings and Reclaiming 
Lost Circulation Materials 


To use lost circulation materials while penetrating zones 
susceptible to lost circulation would require that the materials 
be added to the mud stream frequently to compensate for 
losses on the shale shaker or that the shale shaker be removed 
and the accumulation of cuttings be disregarded until the 
concentration became high. In the latter case, the cuttings 
could be removed by jetting them off the bottom of the mud 
pits or by replacing the shale shaker. Both methods result in 
a loss of lost circulation materials. To reduce this loss, several 
measures were considered, including the use of ore shaking 
table which utilizes the difference in particle density and size 
and the use of a centrifugal sorter. 

The use of a new type centrifugal sorter was favored over 
the other means because of its ability to handle many different 
lost circulation materials regardless of their physical prop- 
erties. 

The centrifugal sorter, a cross-section of which is shown in 
Fig. 18, impeller forcing the mud 
containing cuttings and lost circulation materials into a rotat- 
ing, perforated, separating impeller within a shell or chamber. 
(As the mud enters the individual perforations of the separating 


operates by a power 
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LBS/BBL 
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impeller, centrifugal force tends to throw the high density 
cuttings back into the chamber, while part of the low density 
materials are allowed to pass through with the mud. Cuttings 
are carried out the reject line while an almost unchanged 
concentration of lost circulation material is carried out the 
discharge line. 

For testing purposes, the sorter was assembled with both 
reject and discharge lines emptying into the suction tub. 

The lost circulation materials tested consisted of ground 
nut shells, 4 in. sawdust, ground plastic, 4g in. and %4 in. 
cellophane flakes, and 1% in. prairie hay. Mud properties, 
sorter RPM, and discharge rates were varied and the efficiency 
of separation observed. To determine additive and cutting 
concentrations, samples were taken at the discharge and reject 
outlets. The samples of cuttings and materials were screened, 
washed, separated in a mixture of bromoform and alcohol, 
dried, and weighed. Results of tests are shown in Table II. 

Analysis of the compiled data shows that the suction con 
centration of 100-mesh and larger cuttings was reduced from 
100 Ib/bbl to less than 2 Ilb/bbl, while a nearly constant 
concentration of lost circulation material was maintained from 
suction to discharge. It was noted during tests that the weight 
of mud containing barite was not altered when passing through 
the sorter and mud filtrate rate and viscosity 
affected. 


were not 


The use of the sorter in the field to serve as a means for 
concentrating cuttings to be rejected and for reclaiming lost 
circulation materials might introduce technical difficulties 
which were not apparent in the laboratory. The effectiveness 
under actual operating conditions remains to be determined 
by field tests. 


CONCLUSIONS 


From the test data compiled to date and from the results 
of the study of the factors believed by the authors to affevt 
lost circulation, it may be concluded that by incorporating the 
maximum effective concentration of a proper gradation of 


Table II 
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gz I . 


FIG. 16 — EFFECT OF GRANULAR MATERIALS IN CEMENT. 


granular material in a mud stream when zones susceptible to 
lost circulation are penetrated, it should be possible in many 
instances to reduce to a minimum the loss of circulation to 
fractures by the effective plugging action of granular materials 
at the moment created 
More specifically, the study has shown as follows: 


such fractures are or encountered. 

1. Induced fractures may be a frequent cause of lost circu- 
lation. 

2. The pressure normally employed while drilling may in 
many instances be sufficient to cause fracturing of rock 
formations 

3. Granular lost circulation materials in a proper gradation 
of particle sizes were found by laboratory tests to be the 
most effective type material for controlling mud loss to 
fractures. 

materials 


1. Limited test data indicate that dehydratable 


are effective for regaining circulation. 


». Tests in shallow and simulated wells indicate that the 


maximum effective concentration of a proper gradation of 
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granular material in drilling fluids permits the imposition 
of higher pressure than normally is required to fracture 
formations. 


- 


. In laboratory tests a new type centrifugal sorter was 
found suitable for concentrating cuttings to be rejected 
and reclaiming lost circulation materials. 

7. The concentration in mud of a lost circulation material 
is a critical factor affecting the ability of the material 
to seal fractures. 

The problem of lost circulation is of sufficient importance 
to justify considerable work in the future. While it is the hope 
of the authors that the methods of prevention and control 
of lost circulation advanced in this paper will aid materially 
in the solution of the problem, it is fully recognized that addi 
tional effort must be directed towards a more positive method 
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DISCUSSION 


By George E. Cannon, Member AIME, Humble Oil and Refin- 
ing Co., Houston, Tex. 


Howard and Scott have done an excellent job in the evalu- 
ation of lost returns materials and their analysis of the prob- 
lem is both concise and complete; however, there are two 
statements in the analysis which we believe should be clari- 
fied. These statements are in the Drilling Fluid Pressure sec- 
tion under Causes of Excessive Pressure, and are as follows: 

1. Drilling Mud Weight. The statement that drilling mud 
weight has an effect on mud pressure is true; however, the 
majority of pressure increase or decrease due to increased or 
lowered mud weight occurs inside the drill pipe. Because of 
this, circulating pressure in the annular space is not appre- 
ciably affected by mud weight as implied by the statement; 
therefore, mud weight would have a greater tendency to cause 
fractures through exerting a hydrestatic head than through 
increased frictional resistances. 

2. Flow Properties. This statement is also true in that flow 
properties of a drilling fluid affect the pressure required to 
move the fluid at a constant velocity in laminar flow; however. 
cases are rare in which flow of fluid in the annulus is laminar. 
Such a small velocity is required to achieve turbulent flow in 
the annular space that laminar flow seldom exists. 


DISCUSSION 
By Preston E. Chaney, Sun Oil Co., Beaumont, Tex. 

In evaluating fibrous or granular materials for controlling 
lost circulation, it is essential that we understand the mechan- 
ism responsible for lost circulation. In those cases where cir- 
culation is lost to gravel beds, cavernous or highly fractured 
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formations, the use of granular materials is quite logical and 
has a reasonable chance of success. 

However, in the case of abnormal pressure wells, in which 
the hydrostatic pressure of the mud column approximates the 
overburden pressure the use of such materials is not so clearly 
indicated. By methods such as spinner surveys, and tempera- 
ture surveys using chilled or heated muds it has been estab- 
lished that circulation is lost to non-porous shale beds at least 
as often as to sands under abnormal pressure conditions. 

In such cases, circulation is lost by tensile failure of the 
formation produced by internal pressure in excess of the com- 
pressive load of the overburden. Since this involves the same 
factors as the failure of a pressure vessel, the laws governing 
the design of thick walled pressure vessels should apply. 
Elastic theory teaches that a pressure vessel, even though the 
wall thickness be infinite as compared to the diameter of the 
bore, cannot withstand an internal pressure in excess of the 
ultimate tensile strength of the material from which it is con- 
structed. This conclusion is certainly not obvious, but may be 
visualized as follows: Internal pressure is first applied to the 
fibers nearest the bore of the pressure vessel. This load can be 
shared by more distant fibers only by elongation of these 
internal fibers. The diameter, and therefore, the circumference 
of the bore must increase in order to permit transfer of the 
load to these more distant fibers. If the internal pressure be 
in excess of the ultimate strength of the material, the internal 
fibers are stressed to failure before the most distant fibers 
accept any appreciable portion of the stress. 

Our problem thus resolves to the question of the best method 
of operating a pressure vessel stressed to its ultimate strength. 
It is not sufficient to plaster the cracks produced by failure of 
the walls of the bore hole because this merely transfers the 
problem to fibers more distant from the well bore, but no 
more capable of withstanding the load than those which failed 
originally. 

We must either increase the tensile strength of the walls of 
the bore hole, or decrease the pressure applied to the forma- 
tion. At present we have no means for appreciably increasing 
the tensile strength of the formation. Therefore we must con- 
centrate on reducing the applied pressure to the minimum con- 
sistent with safe drilling practice. The minimum mud weight 
is dictated by the requirement that the hydrostatic pressure 
of the mud column be slightly in excess of the formation fluid 
pressures encountered. This is the absolute minimum pressure 
that must be applied to the walls of the bore hole. 

However, in addition to this pressure, there are numerous 
surge or peak pressures resulting from balling of the bit or 
drill collars, rapid lowering of the drill pipe, or sudden start- 
ing of the pumps when starting circulation. The magnitude of 
these surge pressures is demonstrated by Goins,’ and is quite 
large in terms of equivalent mud weight increase. These surge 
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pressures are at least partially within eur control and we 
should make every effort to eliminate them. 

An additional pressure loading on the well bore is the pres- 
sure differential in the annulus required to circulate the mud. 
This pressure is dependent upon the rate of circulation and 
the viscosity of the mud, both of which are subject to control 
within limits. It seems desirable to reduce circulation rate to 
the minimum consistent with cutting removal, even though this 
requires a considerable reduction in drilling rate. Also, it 
seems essential to maintain the mud viscosity at a minimum. 
It is in this connection that I question the advisability of 
adding granular materials to prevent or combat lost circula- 
tion under abnormal pressure conditions. If such materials be 
added to a concentration sufficient to reduce the pumpability 
of the mud, it seems they might aggravate rather than correct 
the trouble. 
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AUTHORS’ REPLY TO MR. CHANEY 


Chaney's criticism is well founded 


if the thick wall cylin- 
der theory applies directly to porous rock formations, failure 
would be expected at or in the range of the tensile strength 
of the surrounding rock. The formation breakdown pressure 
would, therefore, be equal to rock strength (approximately 


the tensile strength if the thick wall cylinder theory applies), 
plus the confining effect of the overburden. Applying this rule 
to the 15 ft shallow well test, cited as an example in the refer- 
ence paper, the formation breakdown would be expected to 
occur at approximately 540 psi, or 525 psi (tensile strength) 
plus 15 psi (overburden). In this shallow test the initial 
breakdown with mud occurred at 1,100 psi. The difference 
in the 540 psi calculated and the 1,100 psi actually observed 
in this test is partly accountable to surges in pressure during 
breakdown operations and is partly believed to be due to 
variations in tensile strength of the sandstone, as compared 
to the tensile strength of a tested sample. The 3,000 psi pres- 
sure imposed and held for better than 30 minutes in this 
fractured shallow well, after the introduction of 
material, indicated that 
pressures greatly in excess of the tensile strength of the sur- 


previously 
granular lost circulation recovery 
rounding rock, plus the overburden pressure, can be imposed 
by incorporating a proper gradation in size of a granular 
material in the drilling mud. x~* * 
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A GRAVEL 


OF GAS 


PACK COMPLETION FOR EXCLUSION 
AND WATER 


THOMAS S. WEST, MEMBER AIME, BLANCO OIL CO. AND AL BUCHANAN PRODUCTION CO., SAN ANTONIO, TEX. 


ABSTRACT 


\ gravel pack completion is described 
which, in addition to sand screening, 
permits the exclusion of water and gas 
from the oil production. 

A gravel pack composed of alternate 
layers of different particle sizes is em- 
ployed which has horizontal but not 
overall vertical permeability to drilling 
mud. A packer is run on the tubing 
and set in the screen member, around 
which the gravel layers are placed. The 
hydrostatic pressure of a mud column 
prevents the entry of fluid above (or 
below) the level of the packer. The pro- 
ducing level may be changed by raising 
or lowering the tubing. 

Vertical coning is controlled by re- 
placing the mud column with oil and 
continually injecting oil into the sand 
section above (or below) the packer. 

Three well histories with this com- 
pletion are described in detail. Statis- 
tics on the first 100 completions of this 
general type are given. 


INTRODUCTION 


Gravel pack type completions have 
heretofore been almost exclusively for 
the purpose of preventing sand produc- 
tion. This paper describes and presents 
well data on a gravel pack procedure 
which is primarily a selective comple- 
tion method. Although complete sand 
screening is achieved, the exclusion of 
gas and water is the primary objective. 


References viven at end of paper. 
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The application of this procedure is 
therefore not limited to unconsolidated 
sands. Application to hard sand or 
limestone reservoirs is equally feasible. 


GRAVEL PACK PROCEDURE 

Figs. 1 and 2 illustrate the gravel 
peck procedure employed. The gravel 
is placed by means of the frangible dis« 
type dump bailer shown by Fig. 1.’ This 
bailer has its lower end closed by a 
plate glass or steel rimmed cement dis« 
This dise breaks when the bailer passes 
over the liner allowing the gravel to 
be deposited around the liner. The liner 
employed is usually 2%, in. to 2% in. 
OD and 1.995 in. or 2.07 in. ID (ID of 
2-in. tubing or 2-in. line pipe). Two 
types of slotted sections have been em- 
ployed. One type employs horizontal 
hacksaw cut or milled slots of about 
1/32 in. width opposite the producing 
section. The other type employs the 
same type of horizontal slot, but slots 
are placed in groups of six at intervals 
of about 8 in 
round vertical bars, spaced apart, is 
then welded to the pipe over the slotted 


\ cage composed of half 


sections. This liner has the bottom end 
closed, usually by bull plugging. The 
upper end is closed, while placing the 
gravel, by a cap which is held in place 
by means of a shear pin. This cap has 
a mandrel attached to it which ex- 
tends downward inside of the liner 
to within a few inches of its lower 
end. The top of the liner cap is 
formed to fit a releasing type wire line 
core barrel overshot. The liner is low- 
ered to bottom on the wire line by 
means of this overshot and released. 
The length of the liner is usually suffi- 
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cient to extend to about 20 ft above the 
highest level to which gravel is to be 
placed, the upper end of the liner al- 
ways being in the casing. The dimen- 
sions of the liner and bailer are such 
with respect to the casing size that the 
bailer will always pass over the liner. 
After releasing the liner the bailer is 
run to bottom, Passage of the empty 
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FIG. 1 — GRAVEL PACK PROCEDURE 
EMPLOYED. 
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FIG. 2— GRAVEL PACK PROCEDURE 
EMPLOYED. 


bailer over the liner in this way serves 
to centralize the liner, this being the 
only procedure for this purpose which 
has proved necessary in practice. 

Two types of layers are then dumped 
around the liner. One layer is composed 
of gravel of the grain size required to 
screen the sand. This size is determined 
from screen analysis of the producing 
sand; the gravel grain size being not 
larger than six times the sand grain 
size at the 10 per cent point on a sieve 
analysis curve of the sand using U. S. 
standard sieve series. This, of course, 
refers to the coarsest 10 per cent of 
the sand. The resulting grain size is 
usually about 1/16 in. The other layer 
is composed of this gravel with suff- 
cient sand mixed with it to fll the 
gravel pore spaces. In order to prevent 
the sand and gravel from separating 
while this mixture is being dumped it 
is also necessary to use a hinder. A 
binder is available for this purpose 
which will not only hold the sand and 
yravel together while being deposited 
but which will later flow out under 
about 50 psi pressure differential leav- 
ing an intimately mixed permeable sand 
and gravel layer. A layer is thus pro- 
vided which will not flow through liner 
slots required for the gravel size nec- 
essary to screen the sand but which has 
pore space size approximating that of 
the producing sand. For example, drill- 
ing mud will not flow through these 
layers. Also excéedingly fine-grained 
sand may be successfully screened. The 
thickness of these layers is usually 
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in. The thickness of 


the layer deposited can be determined 


from 6 in. to 12 


to within about 2 in. by observing “pick 
up” of the dump bailer. 


Alternate horizontal layers of the 
above two types are placed around the 
liner opposite the produc ing section and 
usually to about four or five ft above 
the bottom of the casing and at least 
this distance above the highest liner 
slot. A mixture of quick-set cement and 
sand is then dumped around the liner 
and directly on top of the gravel. The 
volume of cement is such that the up 
per four or five feet of the liner, includ- 
ing the cap, is above the cement. Ce- 
ment is dumped with the same bailer 
employed for dumping gravel. After the 
cement has set (usually about two hours 
after dumping) the cement fill up is 
checked by running the dump bailer 
empty. If cementing is satisfactory the 
liner cap is engaged by means of the 
wire line overshot employed in running 
it. The shear pin holding the cap to the 
liner is sheared by an upward pull on 
the wire line and the cap and attached 
mandrel retrieved. The design of the 
liner cap is such as to permit recovery 
with a conventional 2 in. overshot 
should the core barrel type fail 


An inwardly beveled guide is run 
next by means of the wire line to facili- 
tate the entry of a packer into the liner. 
This guide is run on a special tool 
which releases only when the guide 
passes over the liner. The guide rests 
on a collar provided for this purpose 
near the top of the liner. The length of 
the guide is such as to permit its posi 
tive recovery by means of a wire line 
type spear. 

A cup type packer assembly is then 
run on flush joint heavy walled 1°4-in. 
OD tubing attached to the lower end of 
the tubing string. The heavy walled tub- 
ing section is usually of about the same 
length as the liner. Fig. 8 shows the 
type of packer assembly employed for 
shutting off the upper portion of the 
sand section such as required for ex- 
cluding gas. For obtaining a shut-off 
beth above and below the producing 
section, two groups of packers are 
mounted on a mandrel having two ver- 
tical fluid passages formed by a vertical 
partition. One of these passages is a 
by-pass extending from above the upper 
to below the lower packer. This passage 
permits the entry of mud or oil into 
the gravel layers below the lower pack 
section from the annular space between 
the casing and tubing. The other verti 
cal passage permits fluid flow from the 
space between the packer sections to 
the tubing. Two methods of obtaining 
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a shut-off of a desired portion of the 
producing section may be employed 


with these types of completion. 


Water or Gas Shut-Off by Mud 
Column Pressure 


One of the above methods is that of 
employing the hydrostatic head of a 
fluid which will not flow into the pro- 
ducing sand or through the mixed sand 
and gravel layers, but which will flow 
into the gravel layers. For example, if 
a gas shut-off is desired for the condi- 
tions shown by Fig. 2 the annular space 
between the casing and tubing may be 
filled with drilling mud. This mud will 
flow into the gravel layers at all levels 
above the packer assembly but will not 
flow into the producing sand or through 
the mixed sand and gravel layers be- 
cause of the formation of an imperme- 
able filter cake. If the hydrostatic head 
of the mud column exceeds the bottom 
hole pressure in the gas sand the entry 
of the gas into the well space is posi- 
tively prevented. Fluid production en- 
ters the tubing below the packer 
through both the gravel and mixed sand 
and gravel layers since the latter are 
A completion results 
positive 


also permeable. 
which not only provides a 
shut-off in the hole space but which 
changing of the 
producing level by simply raising or 
lowering the tubing. The optimum pro- 
ducing level may thus be found after 


also permits the 


completion rendering unnecessary accu- 
rate information as to the location of 
the gas-oil or oil-water contacts or a 
preliminary guess as to what extent 
coning may Furthermore, de- 
pendence is not made upon these con- 


occur. 


tacts remaining at the same level. Pre- 
cise depth measurements are also not 
necessary although always desirable. 
By using the double packer assembly 
a shut-off is obtained both above and 
below the zone being produced. As pre- 
viously described, a by-pass is pro- 
vided inte this case which allows mud 
from the casing-tubing annulus to in- 
vade the gravel layers below the packer 
assembly as well as above it. 


Water or Gas Shut-Off 
By Oil Injection 


The second method for obtaining a 
shut-off with the alternate layer type 
completion is that of supplying a fluid 
to the casing and tubing annulus which 
will flow into the section of the pro- 
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ducing sand in which a shut-off is de- 
sired. For example, for the conditions 
shown by Fig. 2, oil may be continually 
pumped down between the casing and 
tubing. If the face of the gas sand and 
adjacent gravel pack has been cleaned 
by back-flowing, oil flow into the gas 
sand results. An oil-saturated zone in 
the gas section is thus created adjacent 
to the well and in the area in which 
vertical coning principally occurs. Any 
tendency to cone results in a downward 
flow of oil from the previously gas-satu- 
rated section. By continually supplying 
oil to the casing-tubing annulus verti- 
cal coning results in the production of 
this oil rather than gas. As the packer 
assembly is raised higher a greater 
percentage of the oil produced is from 
the casing and tubing annulus, but even 
if the packer is above the gas-oil con- 
tact, gas will not be produced. This 
type of completion provides both a posi- 
tive shut-off in the hole space and also a 
method for controlling vertical coning. 


The oil injection type of completion 
is also applicable to preventing the up- 
ward coning of water. However, since 
the viscosity contrast between oil and 
water is less than that between oil and 
gas, the number of cubic feet of circu- 
lating oil per cubic foot of water con- 
ing is greater than for an equal volume 
of gas coning. Also the fact that gas 
is compressible still further reduces the 
volume of gas coning as measured on 
the surface under standard conditions 
in proportion to that required for the 
same volume of oil coning. This latter 
fact also indicates the of this 
method for control of coning to be more 
favorable for application to deep wells 
than shallow ones. At least the volume 
of oil which must be supplied to the 
casing-tubing annulus to control a given 
volume of gas coning decreases with 
depth. 


use 


Optimum Gravel Size 


One question which arises when con- 
sidering the use of relatively fine grav- 
or sand and gravel mixtures is 
whether the fluid productivity is sub- 
stantially reduced. Fig. 3 shows data 
which was published by Hill? This 
curve shows the experimentally deter- 
mined relation between permeability of 
the gravel pack and the ratio of the 
gravel size to the sand grain size at the 
10 per cent point on a sieve analysis 
curve. The gravel permeability values 
were obtained in a test cell after fluid 


Vol. 192, 1951 


els 


PERMEABILITY OF GRAVEL DARCYS 


THOMAS S. WEST 


flow through sand into the gravel until 
apparently stable conditions as to sand 
invasion resulted. The permeability of 
the sand invaded gravel pack was then 
measured. It be noted that maxi- 
mum permeability of the sand invaded 
gravel pack occurs when the grain size 
of the gravel is about six times the 
grain size of the sand at the 10 per cent 


will 


point on the sieve analysis curve. Tests 
which we have conducted indicated this 
also to be the largest gravel/sand grain 
size ratio for which no sand production 
can be induced 
fluid flow. The grain size ratio for no 
sand production would obviously also 
correspond rather closely to the grain 
size ratio for 
occurs. Any 
entering the gravel pack should ulti- 
sufficient 


regardless of rate of 


which no sand invasion 


sand particle capable of 


mately be produced with a 
rate of fluid flow since the passage be- 
tween the gravel grains are about the 
same throughout. Thus for gravel /sand 
grain size ratio greater than six, sand 
invasion occurs. The pore spaces of the 
gravel are filled with sand, reducing 
the permeability. For gravel/sand grain 
size ratio less than six no sand invasion 
occurs, the permeability decreasing sim- 
ply because the smaller gravel grains 


result in smaller pore spaces. 


Our results also indicate that 
size ratio represents 
an unstable this 


sand production is related to the rate 


grain 


greater than six 


condition. In range 


id 
to} 
to} 
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of fluid production. Sudden increases in 
rate of fluid production may result in 
sand production. This may produce a 
cavity behind the gravel pack into which 
shale or shaly sand may cave ultimately 
resulting in the plugging of the gravel 
pack. This sequence of events has been 
frequently observed when relatively 
large gravel such as pea gravel is em- 
ployed. 

The dotted or upper curve in Fig. 3 
shows the ratio of fluid productivity 
with the gravel in place to that of the 
open hole. This curve has been calcu- 
lated for corresponding permeability 
values shown by the lower curve for a 
gravel pack filling the annular space 
between a 2°,-in. OD liner and a 6-in. 
open hole. Calculation of fluid produc- 
tivity made by use of Muskat’s 
formula for calculating the influence 
of discontinuous radial variations in 
permeability.’ It will be noted that 
maximum reduction of fluid productiv- 
ity because of the gravel pack is only 
about three per cent for the experi 
mentally determined values for perme- 
ability of sand invaded gravel. Also that, 
fluid production is reduced only 15 per 
cent if the space between the liner and 
open hole is filled with sand or a sand 
and gravel mixture having the same 
permeability the producing sand. 
rhe relations between permeability and 
gravel sand grain size ratio shown by 
3 are strictly true only for the sand 


was 


as 


Fig. 
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FIG. 4— RESULTS OF ALTERNATE LAYER TYPE COMPLETION TO WELL IN QUIEN SABE FIELD 


WEBB COUNTY, TEXAS. 


sample employed in Hill's experiment 
However, these values approximate val- 
ues obtained with usual oil producing 
sands. 


_Clean-Out Procedure 
’ Prior to Gravel Packing 


The use of gravel having gravel/ sand 
ratio less than six has usually been im- 
practical in the past because of the 
difficulty of maintaining a clean sand 
face while placing the gravel. If drill- 
ing mud is or has been present oppo- 
site the sand section, the resulting filter 
cake will not flow through the finer 
gravels or gravel-sand mixtures. If no 
filter cake is present and the hole filled 
with water, oil or similar liquid, any 
flow of liquid into the sand will usu- 
ally result in the formation of a thick 
filter cake of relatively large particle 
size material due to the filtering out 
of sediment or scale on the face of the 
sand. Such filter cake may have a 
greater tendency to plug the gravel 
than would drilling mud. 


Attempts to apply fine gravels to old 
unconsolidated sand wells have usually 
resulted in plugging of the gravel pack 
with commonly used procedures for 
cleaning out before gravel packing. 
Such wells frequently have large cavi- 
ties in the sand section. These cavities 
are usually filled. or partially filled. 
with sand and/or shale cavings. Such 
cavities ordinarily cannot be completels 
cleaned out with a bailer or sand pump 
or by fluid circulation although it may 


be possible to reach the original bet- 


tom of the hole. This condition usually 
results in a laver of sand and shale or 
silt between the gravel and the sand 
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face resulting in initial plugging or re 
duced fluid production. 


Fluid flow from the sand has been 
most commonly employed for cleaning 
the sand face prior to gravel packing in 
low pressure sands. After drilling out 
the casing shoe and open hole section 
the tubing is run and swabbed until 
fluid flow from the sand results. If gas 
flow develops, gas is bled through 
small choke until the well heads up 
with fluid and dies. The tubing is then 
pulled and sand or cavings in the open 
hole section cleaned out with a sand 
pump or bailer. This procedure re 
quires the sand to be consolidated to 
such an extent that caving does not 
occur with the pressure due to the fluid 
column in the hole equal to the bottom 
hole pressure of the sand 


Soluble Mud 


For cases in which the walls will not 
stand up as required above, a mud has 
been developed which forms a water 
soluble filter cake. A dump bailer is 
employed for spotting about 100 ft of 
this mud on bottom. By spudding the 
bailer with the fluid column in the hole 
equal to the bottom hole pressure of 
the sand, any fine material on the sand 
face is forced off by momentary fluid 
flow due to swabbing action of the 
bailer and held in suspension in the 
mud column. Fluid flow into the hole 
while soluble mud is being dumped 
may also be induced by bailing from the 
top of the fluid column. Such fluid flow 
may be employed for moving cavings 
into the hole resulting in their suspen 
sion in the soluble mud. By alternately 
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bailing out the resulting mud and sand 
mixture and dumping clean mud, cav 
ings may be effectively cleaned out of 
large cavities. A special bailer has been 
developed which accomplishes these two 
results simultaneously, mud being dis- 
charged at bottom at the same time an 
equal amount of fluid is pulled into the 
bailer about 100 ft above bottom. When 
clean mud returns are secured from the 
latter level the hole may be loaded with 
oil or water to support the walls against 
caving during the gravel pack opera- 
tion. A hydrostatic head due to fluid 
column in the hole exceeding that in 
the sand results in the formation of 
a relatively thin (1/16 in. or less) 
filter cake on the sand face which 
may be dissolved after gravel packing 
by washing with water or which 
will be ultimately dissolved by connate 
water from the adjacent formations 
even if washing is not employed. 

Several high pressure wells have been 
gravel packed by filling the hole with 
saturated brine. Such brine solutions 
may be prepared which have weights 
as high as 10 lb per gal. 

Another method employed on high 
pressure wells has been that of spot- 
ting 200 ft to 300 ft of soluble mud on 
bottom back of tubing having a produc- 
tien packer on its lower end. This 
packer is then set and tubing swabbed. 
When sufficient flow has occurred to 
clean the sand face the packer is re- 
leased. This results in a flow of soluble 
mud past the sand face and into the 
tubing. Any sand or cavings present 
are carried into the tubing and at the 
same time a soluble filter cake is 
formed on the sand face. By providing 
a valve on the bottom of the tubing 
which closes when it is picked up, most 
of the sand and cavings resulting from 
swabbing are brought out in the tubing. 


TYPICAL FIELD RESULTS 
Case 1 


Fig. 4 shows the results of an alter- 
nate layer type completion to a well in 
the Quien Sabe Field in Webb County. 
Tex. Production is from the Lopez sand 
of the Mirando series at a depth of 
about 2.300 ft. The depths shown are 
subsea values. About 15 ft to 18 ft of 
gas saturation is present in the upper 
portion of the sand section with about 
6 ft to 9 ft of oil saturation in the 
lower part of the sand. The sand is 
clean, uniform and medium grained but 
contained one hard non-permeable sand 
streak. the casing having been set on 
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this. This point was believed, on the 
basis of drill stem test data on the off- 
set well, to be five ft below the gas-oil 
contact. Subsequent development indi- 
cates that casing was set approximately 
at the gas-oil contact. 

When swabbed in prior to gravel 
packing this well made a large volume 
gas with a spray of oil. 

The completion shown by Fig. 4-C was 
then tried. The lower portion of the 
sand section was packed with alternate 
layers to within about three ft of the 
bottom of the casing. A non-permeable 
mixture of gravel, sand, silt, aquagel 
and grease was placed in this space. 
The liner was then cemented in the 
usual manner. A 24-hour production test 
yielded 48 B/D flowing through 1-in. 
choke with gas/oil ratio of 4,700 cu ft 
per bbl. 

A packer of the type previously 
shown was next run to the indicated 
level, Fig. 4-D. The results of tests with 
the packer set at various levels are 
shown. With the bottom of the packer 
six ft below the bottom of the casing 
(Fig. 4D), production was 58 B/D 
flowing with a gas/oil ratio of about 
2,300 cu ft per bbl. With the bottom of 
the packer eight ft below the bottom 
of the casing (Fig. 4E), production 
was 15 B/D pumping with gas/oil ratio 
of 250 cu ft per bbl. 

Since it was believed that the entire 
sand section had not been penetrated, 
the gravel pack was removed and the 
well drilled five ft deeper with a spud- 
der. The bottom five ft of the casing 
was then perforated to provide a greater 
zone for oil injection into the gas sand. 
This section was again gravel packed 
using alternate layers of sand and 
gravel about one ft thick, these layers 
also covering the perforated section. 
Production tests were then run with 
the packer at various levels with the 
annular space between the casing and 
tubing filled with drilling mud. Re- 
sults of these tests are shown graphi- 
cally (Fig. 1-F to 4J). The production 
varied from a spray of oil with a large 
volume of gas for a packer position 
above the gas-oil contact to a complete 
gas shut-off with oil production by 
pumping for the two lower packer posi- 
tions. No fluid production resulted 
when the packer was positioned below 
the permeable section of the sand. Also 
of interest is the similarity of fluid 
production for a given level of the 
packer to that obtained for the same 
packer level on the previous alternate 
layer completion. 


The mud column was then circulated 


out with water and after thorough 
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washing this was followed by oil which 
had been filtered through a sand filter. 
The packer was set 4 ft below the cas- 
ing (Fig. 4-K) and oil pumped down 
the annular space between casing and 
tubing through a sand filter with a 
walking beam type pump. The gas/oil 
ratio was immediately reduced to 250 
while oil production was 42 B/D. It 
will be noted that gas/oil ratio was 
4.200 at this packer level with mud in 
the annulus (Fig. 4-G). This well has 
produced with low 
slightly more than two years with pack- 
ers at this level. Less than 1 bbl of oil 


gas/oil ratio for 


per day has been supplied to the casing 
on the average. 

Tests previously conducted using a 
sand and gravel filled test cell indicated 
that 16 bbl of oil per day would have 
been required if the condition and laws 
of flow of the coning path had approxi 
mated that of the test cell. Using a cell 
containing a 6 in. sand column, a rate 
of flow of 1 bbl of oil per day 
with an upstream pressure of 550 psia 


resulted 


and atmospheric downstream pressure. 
For the same condiions the rate of 
gas flow as measured at 14.7 psia and 
60°F was 6,000 cu ft per day. This sug- 
gested an oil/coning gas ratio of 1 bbl 
of oil for each 6.000 cu ft of coning gas 
for a bottom hole pressure of 550 psia. 
The oil/gas ratio would, of course, de- 
crease as bottom hole pressure increases 
since the reservoir volume occupied by 
a given volume of gas will decrease as 
the bottom hole pressure increases. 

It was discovered that the gas section 
ultimately quit taking oil under hydro 
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static head of the oil column even 
though filtered oil was being pumped 
down along supposedly clean casing 
and tubing surfaces. The gas/oil ratio 
also started rising at this time. The 
packers were raised out of the liner and 
flow secured from the entire sand sec- 
tion. Packers were then lowered to the 
previous level. The sand again took oil, 
and gas/oil ratio was again reduced to 
250 cu ft per bbl. 


Equipment 


To prevent gas lock, l-in. tubing is 
used for sucker rods, the oil coming 
up through the l-in. and the gas ris- 
ing in the annular space between the 
l-in. and 2-in. tubing. A 4-in. OD 
chamber is provided around the seating 
nipple to permit the gas to by-pass the 
seating nipple and pump. A_ hollow 
polish rod was employed which has a 
slot for the oil to pass into a space 
between two packing glands which con- 
nects with lead lines. This construction 
avoids the use of hose connection as 
commonly used in this type of pumping. 


Case 2 


Fig. 5 shows results of an alternate 
layer completion on the north offset to 
the well just described. In this case the 
casing was purposely set about six ft 
above the gas-oil contact. Sixteen ft of 
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the gas sand and 14 ft of oil sand were 
penetrated in this well. 


The procedure originally planned for 
thoroughly cleaning the sand face was 
to allow the well to flow on a small 
choke until it headed up with oil and 
died. Sand was then to be cleaned out 
with a sand pump and the section gravel 
packed. The open hole section was un 
derreamed to about eight in. with a cable 
tool underreamer to remove any cement 
sheath which might have been present 
on the sand face. However. when 
swabbed, gas flow without any trace of 
oil developed. Although the well was 
flowed for four days on a '4-in. choke, 
no trace of oil was secured. 


A temporary gravel pack was placed 


with coarse gravel filling the lower eight 
ft and alternate sand and gravel layers 
about this level. By setting packer just 
below the gas-oil contact, oil production 
resulted. The packer was then raised 
and the well flowed into the pit for 14 
hours as a means of cleaning it. Oil 
production was about 550 bbl during 
this period, this being at the rate of 
approximately 950 B/D. 
ratio was not determined but was esti- 
mated as less than 2.000 cu ft per bbl. 
This low ratio partly resulted from the 


The gas/oil 


high rate of oil production 


The temporary gravel pack was then 
removed and that shown placed. The 
tests shown are by swabbing down for 
each packer position and then measur- 


ing the rate of fill up in the tubing by 


WATER 
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running the swab. The rate of fill up for 
a pressure differential of 400 psi was 
then calculated for each packer posi- 
tion. The gas/oil ratio was estimated 
by measuring the gas flow from the 
tubing during fill up. 


One surprising result was that the gas 
volume was very greatly reduced by the 
gravel pack even without the use of 
the packer. This could be explained if 
it is assumed that most of the gas vol- 
ume came down outside the casing due 
to faulty cementing. The path for flow 
would substantially be closed after 
gravel packing if sand production from 
the gas zone occurred filling this space 
with sand. Sand in the gas section be- 
low the casing was low in permeability 
and might not have been capable of 
producing a large gas volume. 


Fig. 5, C to I, is a graphical repre 
sentation of oil production and gas oil 
ratio for various levels of the packer. 
Oil production for the three 
packer positions ranging upward from 
the lowest level, was 75, 195, and 312 
B/D respectively. The gas volume was 
Ac cu 
rate measurement of fluid production 
by measuring rate of fill up in tubing 
was impossible for higher packer levels 


lowest 
negligible for these packer levels. 


both because of high rate of fill up 
and the production of gas. The maxi- 
mum rate of production was assumed 
to be that obtained on the previously 
mentioned test with a temporary gravel 
pack in place. that is, 950 B/D 
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The above tests were made with the 
tubing-casing annulus filled with drill- 
ing mud. This mud was replaced with 
oil after about a year without back- 
flowing to remove the mud filter cake 
from the gas section. About 20 gal of 
oil per day is required to keep the 
casing-tubing annulus filled. 

The well has thus far produced ap- 
proximately three years with this com- 
pletion without appreciable change in 
ratio or oil production. The 
positioned four ft 


gas oil 
packer has been 


above bottom during this time. 


Case 3 


Fig. 6 shows data on an alternate 
layer completion in the Oakville Field 
of Live Oak County, Tex. This well is 
near two wells which were abandoned 
about seven years ago after failure to 
shut-off gas and water by squeeze ce- 
menting after five squeeze jobs on each. 
One of these wells was 150 ft from the 
well on which data is shown and the 


other 330 ft from it. 


Production is from the Pettus sand 
at a depth of 2,710 ft. The upper 28 ft 
of the sand section is gas saturated and 
the lower 10 ft penetrated oil saturated. 
Casing was set at the gas-oil contact. 
Bottom hole pressure is about 1,250 psi. 
To control pressure the hole was loaded 
with saturated brine while cleaning out 
and gravel packing. this well having 
been completed without the use of sol- 
uble mud. Tubing swab was run until 
the oil and gas flow occurred. Gas was 
then bled off through a small choke 
until sufficient oil flowed in to kill the 
well. Cavings were then cleaned out 
with a sand pump and alternate layer 
pack placed. This completion 
is illustrated by Fig. 6-D. Brine was 
then mud. The 
packer assembly was positioned so as 
to have its bottom point eight ft below 
the gas-oil contact (Fig. 6-E). Initial 
production was 50 B/D on 7/32 in. 
choke with a gas/oil ratio of 1,000 cu ft 
per bbl. Gas /oil ratio gradually rose. At 
the end of 10 days gas/oil ratio was 
2.000:1. Choke size was reduced 
Oil production was about 20 
B/D on this choke. The gas/oil ratio 
continued to rise until at the end of 
10.000 


gravel 


replaced by drilling 


near 
to ly in, 


1144 months the ratio was near 
cu ft per bbl. 

After a shut-in period while waiting 
on equipment, the drilling mud in the 
annular space between casing and tub- 
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FIG. 7 — SURFACE PORTION OF BACKFLOW 
ARRANGEMENT. 


ing was replaced with oil. Oil was sup- 
. plied by a walking beam pump and 
pumped to the casing through a sand 
filter. 


Oil injection into the gas section re- 
sulted in an immediate reduction in 
gas/oil ratio to approximately 1,000 
cu ft per bbl. This value remained ap- 
proximately constant for the six-month 
period during which it was closely ob- 
served. The last point on the gas/oil 
ratio and oil production curve is a 15- 
day average. During this time the oil 
supplied to the casing annulus has also 
been measured. Average value for the 
latter is five bbl per day. 


Oil is continuously injected down the 
annular space between the tubing and 
casing. However a pressure relief valve 
is provided which results in oil flowing 
back to the stock tank if the casing 
fills. Oil supply to the casing is regu- 
lated by throttling of the intake line to 
the minimum amount necessary to con- 
trol gas/oil ratio. Continuous flooding 
of the gas sand with oil does not occur 
because the sand face periodically plugs 
with scale and similar material. When 
oil flow into the sand stops, the oil 
which has been injected into the gas 
sand is produced and gas/oil ratio 
starts rising at which time the gas sec- 
tion is backflowed. Although oil is con- 
tinuously supplied to the casing. flow 
into the sand is intermittent. the gas 
section thus being periodically cleared 


of oil. 
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Fig. 7 shows the surface portion of 
the backflow arrangement. A port is 
provided immediaely above the packer 
assembly which may be opened by rota 
tion of the tubing allowing flow into 
the tubing from the annulus and from 
the sand section above the packer. This 
type packer assembly including the 
backflow port is shown in Fig. 8. The 
hand wheel (Fig. 7) rotates the tubing 
by means of a worm gear. The only 
change in connections required is that 
of disconnecting the flow lines. This 
type of backflow has the advantage that 
any material which has settled out of 
the fluid column in the annulus is also 
recovered as well as that filtered out 


on the sand face 


PUMPING EQUIPMENT 


Pumping equipment was installed be 
cause the earlier well, 150 ft from this 
location, had a somewhat lower produc 
tivity index and would not produce the 
allowable by natural flow. Oil is sup- 
plied to the casing by the walking beam 
pump through a sand filter. A line from 


the pump suction leads to the stock 
tank into 
through a gun barrel. Thus the stock 


which the well produces 
tank gauge shows the net oil produced. 
To prevent gas locking, l-in. tubing 
is used for sucker rods, the oil coming 
up through the l-in. while the gas 
rises in the annular space between the 
l-in. and 2-in. tubing. A 4-in. OD 
chamber is provided around the seat 
ing nipple and pump to permit the 
to by-pass this point. A hollow polish 
rod having a slot for oil to pass into 
a space between two packing glands 
which connects with the lead lines is 
employed. 


After produc ing two years, the above 
well developed excessive water produc 
tion as a result of edge water encroach 
ment. It has now been recompleted at 


a higher level as a gas well 


SUMMARY OF FIELD USE 


One hundred wells have been com 
pleted with the described type of gravel 
pack procedure to date. Sixty-five of 
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these are in the Quien Sabe and North 
Albereas Fields of Webb County, Tex. 
One or more completions have also been 
made in Jim Hogg. Zapata, Duval, Me- 
Mullen, Live Oak, Victoria. Fort Bend 
ind Brazoria counties. Alternate layers 
have been used in 18 of the above, the 
gravel pack in the remainder being com- 
posed of uniform gravel. 

Double packers were run in three of 
the alternate layer completions. A 
water shut-off was obtained in two of 
these; water production was reduced 
yy about 50 per cent in the other. In 
the latter case only four ft of sand was 
present above the water level. A com 
plete fluid shut-off could be obtained 
in this case, however, when packer was 
raised above the top of the sand section. 


Single packers were run for shutting- 
off gas in case of 12 alternate layer 
completions. All of these were initially 
tested with the annular space between 
the casing and tubing filled with drill- 
ing mud or with at least the bottom of 
the fluid column composed of drilling 
mud. In all cases an initial gas shut-off 
was secured. This includes two recent 
cases in which the lower two ft of a 


FIG. 8 — PACKER ASSEMBLY FOR SHUTTING 
OFF UPPER PORTION OF SAND SECTION. 
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35 ft sand section was oil saturated 
while the upper 33 ft was gas saturated. 
In two completions high gas/oil ratio 
later developed evidently as a result of 
vertical coning. In these cases gas was 
successfully controlled by continuous 
injection of oil into the gas sand. 

Failure resulted in six of the above 
100 cases because initial plugging of 
the gravel pack. Most of these cases 
occurred during the early use of this 
procedure and before the development 
of soluble mud. Three of these cases 
were on old wells having large cavities 
All obviously resulted from inadequate 
clean out procedure, the plugging ap- 
pearing to be due to a layer of cavings 
or filtered out material between the 
gravel and sand face. 

Five cementing failures also occurred 
in the above 100 cases. This, of course, 
refers to failure of the cement around 
the liner which holds the gravel pack in 
place. All except two of these wells 
were successfully recompleted. No at- 
tempt at recompletion was made in 
these two cases. Cementing failure ap- 
peared to be principally due to dilution 
of cement while dumping. A cementing 
technique has since been developed 
which would have avoided most failures. 


CONCLUSIONS 


In conclusion, the advantages to be 
gained by this completion procedure 
may be summarized as follows: 

1. A positive method for shutting off 

gas and water is provided. 

2. The producing level may be eas- 

ily changed at any time. The opti- 
mum producing level may be de- 


termined after completion. This 
makes the following unnecessary: 
a. Exact information as to the lo 
cation of the gas-oil or oil- 
water contact. 
A preliminary guess as to the 
extent of vertical coning. 
Dependence upon the gas-oil or 
oil-water contact remaining at 
the same level. 
d. Precise depth measurement. 
3. Complete sand screening is 
achieved, and 
4. A method for controlling vertical 
coning is provided 
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DISCUSSION 


By Bruce Barkis, B&V 
Tex., Member AIME 


Inc., Houston, 


Gravel packing for the control of 
sand entry in unconsolidated sand fields 
has been an accepted practice for some 
years. Current usage of fine gravels in 
the size range reported by West. clean 
placement fluids of the heavy brine 
type. and improved tools for gravel 


placement are responsible for the 
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higher percentage of successful jobs of 
this type. 

West’s report of the usage of alter- 
nate layers of fine gravel and sand. 
aided by mud or oil seals. to control 
gas and oil entry in the open hole and 
lower pressure in completions of South 
Texas indicates that gas/oil ratio con- 
trol can be accomplished in a fairly 
thin vertical section by materials pro- 
viding a fairly low differential pressure. 

\ large percentage (90-95 per cent) 
of the wells which are gravel packed 
on the Upper Texas and Louisiana Gulf 
Coast are old producers. Almost every 
one of these wells has been completed 
through gun perforations in 5-20 ft 
sand sections. Assuming an average 10 
ft perforated section with 61%-in. hole 
per ft, results in only about 12 sq in. 
of drainage opening. The difficulty of 
cleaning the surface of such small sand 
exposure, and of keeping it clean during 
the placement of the gravel, coupled 
with the additional complication of 
high fluid entrance, because of the small 
drainage area, suggests that large in- 
creases in sand exposure, by jet shoot- 
ing or cutting, milled out sections or 
other form of window completion, would 
provide the amount of sand surface 
necessary for satisfactory gravel for- 
mation contact. 


Sand production, in an oil well, and 
the velocity of the entering fluid are 
closely related. Further assuming a 
fluid production of 60 B/D, from the 
above section, or an average of one 
B/D 14-in. hole results in an entrance 
velocity of 7.2.x 10° ft/sec and accord- 
ing to Gumpertz, sand production at 
such velocity can easily be expected. 
This data further suggests that in- 
creased sand exposure is very desirable. 

es. Fo 
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bs Drift of Rings 3 


Every year new words, phrases, or 
methods of expression rise to temporary 
fame. Such, for example, was the word 
“normalcy,” popularized by President 
Coolidge. A year or so ago we men- 
tioned the new vogue for “presently” 
instead of “currently,” presently having 
formerly meant pretty soon instead of 
right now. 

A few years ago Time, we believe it 
was, began writing $8 million instead of 
$8,000,000, and the practice of express- 
ing large sums in this way has spread 
to most newspapers and magazines. We 
presume the reason for this style was 
to avoid a row of ciphers; there being 
no saving in the space used. We still 
are not sure just how this should be 
read. Are we supposed to read it eight 
million dollars, or eight dollars million? 
If the former, then what do we do 
when the $8 comes at the end of a line, 
or column, or page. You see the $8 but 
your eye has to travel elsewhere to see 
the million. A well-known columnist 
puts it this way: 8 million $, which 
makes more sense, if one can get used 
to seeing a dollar sign alone. 

Perhaps the most noticeable comet 
in the present linguistic sky is the com- 
mon use of the expression “as of.” This 
originally was legal jargon, and con- 
fined to financial reports and such 
where it sometimes had a useful signifi- 
cance. But now we read in the paper, 
“Unfilled orders as of Dec. 31 were 
$91,260,000." Why not use on? In a 
news letter. “The cost-of-living index 
made a new all-time high as of Feb. 
15.” Why not “The Feb. 15. cost-of- 
living index .. .?” And the radio: “As 
of right now. the forces of nature seem 
to be under control.” Why the as of? 
Also, “The Jersey Central is shutting 
down service as of 1 o’clock tomorrow.” 
Why not say at? In “All About Eve.” 
“As of this moment, you are six years 
old.” Again, why not at? And in the 
U. S. Steel report, “U. S. Steel's ingot 
capacity has been increased to give a 
total annual capacity, as of Jan. 1, 1951, 
of 33.9 million tons.” Why not say on? 


Another adaption of the last few years 
is use of the word “defense” instead of 
“military” or “war preparation.” Good 
psychology is back of this euphenism. 
No one can object to defense of the 
country, but everybody is fed up with 
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as followed by EDWARD H. ROBIE 
Secretary AIME 





war as a means of settling international 
difficulties. 

We suggest that those who use this 
bit of frippery unconsciously think they 
are utilizing one of the super niceties of 
expression. As a matter of fact, 99 times 
out of a hundred, they are using a 
clumsy phrase that could better eithe: 
be omitted entirely or be replaced by 
one two-letter word. 


Men Wanted 


In the employment situation for pro- 
fessional men in the mineral technology 
field, the pendulum seems to swing 
rapidly and far. Less than a year ago 
more men were seeking jobs than there 
were openings available. This was par- 
ticularly true of young men and inex- 
perienced college graduates. Just the 
reverse is now true. The Engineering 
Societies Personnel Service reports that 
it has recently been able to find men 
for only 7 per cent of the openings that 
it has available. In more normal times 
the figure is 35 or 40 per cent. Those 
who might be interested in considering 
another job therefore might find it to 
their advantage to register with the 
Personnel Service. Also, they would 
thereby make it possible for the Service 
to do a better job of filling requests 
from employers 


The Personnel Service has four of 
fices. One should register with the office 
that serves the area in which a job 
would be most attractive. Registration 
with more than one office is permissible 
Western mining and oil men would nat- 
urally clear through the San Francisco 
office; most metallurgists through one 
of the Eastern or Mid-Western offices. 
The addresses are: 8 W. 40th St... New 
York 18; 100 Farnsworth Ave., Detroit: 
84 E. Randolph St., Chicago 1; and 57 
Post St., San Francisco. There is no 
charge for registration — only if a job 
is secured. The fee for AIME members 
is one week’s salary for jobs paying 
less than $3,000 a year, ranging up to 
334 per cent of annual salary for jobs 
paying $5,000 or more. A registrant is 
kept on the active list for two months. 
If a job is not secured in that time, 
he may on request be kept on the active 
list longer. If a job is secured but not 
accepted there is no charge. 


All jobs are coded, so no public ity 


JOURNAL OF PETROLEUM TECHNOLOGY 


is given to a registrant except to the 
potential employer to whom the regis- 
trant is referred and who has asked for 
a man with his type of experience. 


Bargain for New 
Junior Members 

Never before, we believe, have newly 
elected Junior Members of the AIME 
received such a bargain as they are now 
getting. Graduating Student Associates 
are being given a special incentive to 
change their status to Junior Member- 
ship and young men out in the industry, 
not over 30 years old, who are not yet 
members will probably never have a 
better incentive to apply. 

Beginning with elections in May. 
1951, all new Junior Members are privi- 
leged to receive a copy of the immensely 
popular reprint of Agricola, some 2,500 
copies of which have been ordered by 
{IME members since the volume was 
issued early last December. The stock 
was soon exhausted but more are now 
available. This is a $10 book, with no 
discount permitted. The Institute how- 
ever has purchased, through money 
made available by the Seeley W. Mudd 
Memorial Fund, a total of 1,400 copies 
for distribution to new Junior Members 
gratis. Also they automatically receive 
a copy of A Professional Guide for 
Junior Engineers and their choice of 
one of seven other volumes ranging in 
price from $1.50 to $5. If their inter- 
ests happen to be in petroleum they 
also receive a fourth free volume, listed 
at $2.50, on the legal aspects of the 
unit operation of oil pools. Thus, for 
the initial year’s dues of $12 (there is 
no initiation fee), a Junior Member 
receives a year’s subscription to the 
journal of his choice and up to $18.50 
worth of books. 

The opportunity to purchase books at 
special prices is an advantage that all 
members receive, but is not always real- 
ized. Books published by one of the 
Institute’s Funds are available to mem- 
bers at approximately half the price 
that a commercial publisher would 
place on a similar book. Also, AIME 
members are granted a 10 per cent 
discount on a wide variety of other 
books. For those who keep their li- 
braries up to date and well stocked the 
savings thus possible may offset the 
annual dues. ee 8 
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Morris Muskat 


For Vice-Chairman 


Paul R. Turnbull 


For Chairman 





John R. McMillan 


For Vice-Chairman 
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Nominees for Petroleum Branch Offices, 1952 


The Branch Nominating Committee, composed of John E. Sherborne, chairman, 
R. M. Churchwell, Harold Decker, Paul E. Fitzgerald, and Fred E. Simmons, Jr., 
has nominated the members pictured on this page for positions in the Branch 
government. Article IX of the By-laws calls for publication in June of the pic- 
tures and biographies of these nominees. Any group of 10 members may submit 
additional nominations until August 15. A letter ballot, covering all positions to 
which the membership has submitted nominations, will be mailed in September. 
If there are no nominations from the membership by August 15, the letter ballot 
will be dispensed with and the Committee’s nominees will be declared auto- 
matically elected. The new officers will be installed at the 1952 Annual Meeting 


in February. 


For Chairman 

AUL R. TURNBULL, at present a 
Pico chctemes of the Branch, re- 
ceived his BS degree in petroleum en- 
gineering from the University of Okla- 
homa in 1929. He joined Humble Oil 
and Refining Co., with whom he worked 
in West Texas, East Texas, and South- 
west Texas for 19 years. In August. 
1946, he became division petroleum en- 
gineer for Humble’s Southwest Texas 
Division at Corpus Christi. Since Sep- 
tember, 1949, he has been manager of 
‘drilling and production for the La Glo- 
}ria Corp. in Corpus Christi. From 1942 
Sto 1945 he served in the U. S. Air 
) Corps, rising from second lieutenant to 
‘major. Active in the AIME for 15 years, 
he served as the first chairman of the 
‘Southwest Texas Section in 1947 and 
was the 
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section’s delegate to the 
‘Annual Meeting. He was elected a di- 
rector of the section in 1948. He was 
appointed vice-chairman of the Produc- 
tion Technology Committee in 1949, and 
acted for the chairman in arranging, the 
program for the Fall Meeting of the 
Branch in San Antonio. 


For Vice-Chairman 

ORRIS MUSKAT attended Mari- 
M etta College in Marietta, Ohio. 
and Ohio State University in Columbus, 
where he received his BA and MA de- 
grees in 1926. Having majored in phys- 
ies, he instructed physics and chemistry 
classes at Bowling Green University for 
one year. Additional graduate study at 
California Institute of 
earned him a doctorate in 1929. He 
joined Gulf Research and Development 
Co. as a physicist, and in 1935 was 


Technology 


appointed director of the physics divi- 
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sion of that company. In 1950 he was 
transferred to the Gulf Oil Corp. as 
technical assistant to the vice-president 
in charge of production. Muskat is 
the author of Flow of Fluids Through 
Porous Media and Physical Principles 
of Oil Production, as well as a number 
of technical publications. As chairman 
of the Petroleum Branch Production 
Technology Committee during 1950 he 
was in charge of the selection of tech 
nical papers presented at the Fall Meet 
ing in New Orleans 


For Vice-Chairman 
byte R. McMILLAN received his 
early education in the public 
schools of Los Angeles, Calif... where 
he moved at an early age from his birth 
place in Vermont. After attending the 
University of California at L. A., he 
transferred to California Institute of 
Technology where he received a BS de 
gree in 1931. During the next 12 years 
he held various positions with the Barns- 
dall Oil Co., from production roustabout 
and draftsman to production foreman 
and for the last six years of this time 
was in the land and geological depart- 
ment. He joined the Fullerton Oil Co. 
in July, 1943, as petroleum engineer. 
and later became manager of field op- 
erations. Since June, 1947, he has been 
vice-president in charge of production 
and a member of the board of directors 
He has been council member and 
chairman of the Pacific Petroleum 
Chapter of AIME, executive committee 
member of the Southern California Sec- 
tion, and a member of the Branch Exec- 
utive Committee for two years. He is 
also active in the AAPG, the API, and 
the Petroleum Club of Los Angeles. 
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For Executive Committee 

N. VAN DUZEE was born in St. 
E Paul, Minn.. and served for a 
short time in the Air Corps during 
World War I. In 1926, he graduated 
from the University of Minnesota with 
a degree of Engineer of Mines. Joining 
the Roxanna Petroleum Corp., forerun- 
ner of the Shell Oil Co., with whom he 
is now employed, he spent seven years 
in West Texas and New Mexico as field 
engineer, district exploitation engineer 
and district foreman. He became dis- 
trict superintendent at Iowa, La., in 
1933, and later was transferred to the 
Black Bayou Field of Southwest Lou- 
isiana. After a year as manager of the 
Oklahoma Division, he returned to Lake 
Charles, La., as manager of the Louisi- 
ana Division. Since 1946 he has been 
production manager of the New Orleans 
area. During 1949 he was vice-chairman 
of the Delta Section of AIME, and is 
now a director of the section. He is also 
vice-chairman for South Louisiana of 
the Southwestern District of API. 


For Executive Committee 


és L. YATES began his career in 
J the oil fields of Kansas and Okla- 
homa, during the summers between ses- 
sions at Lehigh University and the Uni- 
versity of Oklahoma. He received a BS 
in petroleum engineering in 1934 and 
his MS in mechanical engineering in 
i935. For the next eight years, he 
taught in the Department of Oil and 
Gas at the University of Pittsburgh. 
During interim summers, he was special 
engineer for the Phillips Petroleum Co. 
\fter a short period with the Kingwood 
Oil Co., he joined the production de- 
partment of Standard Oil Co. (Ohio) 
in Cleveland, in 1944. He became head 
of the evaluation engineering section, 
and held that position until November, 
1947. At that time he entered a part- 
nership with P. T. Amstutz, under the 
firm name of Amstutz and Yates, con- 
sulting petroleum engineers and geolo- 
gists. He was a delegate from the Kan- 
sas Section of AIME to the last annual 
meeting, and is now chairman. 
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FIG. 8 — DATA SHOWING DEFLECTION IN 3,000 -6,000 FT SECTION 


Directional Drilling 


(Continued from Page 17, Section |) 


then the well should be planned to be deflected as shown in 
Fig. 8. The deflection work would be undertaken in the section 
from 3,000 to 6,000 ft and straight hole drilled in the deeper 
sections where directional drilling was known to be slow. The 
estimated time for drilling in this manner is considerably 
faster than the directional plan which would include direc- 
tional work below 6,000 ft. The proper importance must be 
given to considerations involving the drift angle, the deflected 
distance, etc., in order to pick and use the most economical 
section in which to do the deflected drilling. Many times the 
overall drilling time will be lower if higher drift angles are 
used and the needed deflection can be gained while drilling 
through the most ideal formations for slanted drilling. Many 
times drift angles of 20 to 40 degrees are much more economi- 
cal than angles of 5 to 10 degrees. With the proper casing 
program the type of directional job shown in Fig. 8 is very 
feasible and has been successfully accomplished many time 

in many different areas in the Gulf Coast and Pacific Coast 
regions. 


On the other hand, if the drilling rate at the bottom of the 
hole is reasonably fast, the best system is to drill the top 
straight to take advantage of the high speed in the upper 
portion of the well and then start deflection lower and carry 
higher drift angles as shown in Fig. 9. Some of the largest 
savings in rig time have been made by doing the directional 
work in the lower portion of the well bore. Higher drift 
angles ordinarily permit faster penetration and also require 
a lesser number of deflection tool runs. The well bore will 
stay on course and greater weight can be applied to the bit if 
higher drift angles are utilized. 

When the whole geological section is uniform in its reaction 
to directional drilling operations. the controlling factors in 
choosing the proper starting and stopping points for deflection 
work are the drift angle and the distance which the well has 
to be deflected. All things being equal. the total amount of 
deflection work can be governed by raising or lowering the 
drift angle. 

If the actual well data is not available on either slanted o1 
straight hole in the area in which a directional job is to be 
undertaken, it is entirely feasible to construct expected rate 
curves and use them in the planning phase of the job. There 
have been numerous instances where this has been done. and 
it is surprising the benefits which have been gained by actually 
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FIG. 9 — DATA SHOWING DEFLECTION IN LOWER PORTION OF WELL. 


estimating drilling times and setting up a time quota before 
the job was begun. 
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SEE formation changes 
At YOu 


. GEOLOGRAPH 
‘\ 
‘“ 


With Geolograph, \you 
actually watch the drill- 
ing change as the bit 
bites into contrasting 
strata—foot by foot! 
You'll find that this sub- 
surface control, while 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 
many depth corrections! 





Houston, Odessa & Wichita Falls, Tex. + Casper, 
Wyo. + Shreveport & Baton Rouge, Loa. - Bakers- 
field, Calif. 
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Chemical Service 

Continued from Page 22, Section | 
treatments can be controlled with no 
difficulty, and that packers may be set 
effectively without danger from bypass- 
ing through fractures or other openings 
created in the rocks by the force of the 
explosion. Also, it should be possible 
to flood tight formations at an economic 
rate with pressures that are sufficiently 
moderate so as to avoid pressure part- 
ing of the formation. Further field tests 
of this form of treatment are justified. 

Recent laboratory research on oil 
recovery by water flooding. using Cal- 
material, has shown 
residual oil 


ifornia reservoir 
remarkable reduction in 
content as a result of the addition of 
very small quantities of non-ionic ethy- 
lene oxide condensation products to the 
results obtained 
tests have been 


injected water. The 
from these laboratory 
so promising that an experimental field 
test was commenced in April in a Cal- 
ifornia field, and another test in Califor- 
nia is contemplated in the very near 
future. Extensive laboratory work is 
being planned for further study of the 
reaction of reservoir recks from other 
important oil-producing regions to this 
form of treatment. 

The effect of non-ionic surface active 
distinguished 
unsatisfac- 


compounds should — be 
clearly from the generally 
tory experience that has been obtained 
from attempts to use many anionic 
compounds, such as soaps, alkyl sul- 
fates, alkyl aryl sultonates, 
other synthetic 


which tend to become adsorbed quickly 


and many 
types of detergents. 
on reservoir surfaces, particularly those 
where a predominance of basic radicals 
are present. These non-ionic compounds 
maintained their surface 
properties after long periods of contact 
with pulverized oil sands. In laboratory 
have shown negligible ten- 


have active 


tests they 
dency to become adsorbed by siliceous 
or clay minerals. 

Many oil wells, in both primary and 
secondary recovery 
be produced profitably because of ex- 
cessive production of water. even though 


operations, cannot 


considerable sections of the reservoir 
which possess lower average permeabil- 
ity have not been depleted of their oil 
content. The possibilities for creation 
of water repellant surfaces in oil reser- 
voir rocks in order to retard or stop 
water encroachment have been receg- 


nized for many years. and various sub- 


— It’s a Fact — 

Taxes on the typical motor vehicle 
and the gasoline it used last vear added 
up to almost as much as the average 
motorist paid in federal income taxes. 
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stances are known which will cause a 
temporary change in the nature of the 
surface. frequent 
treatment was required these treatments 
have not been profitable. 

Recently, it has been discovered that 
certain complex 
pounds will produce hydrophobic sur- 
faces on oil reservoir rocks which have 
maintained their properties in the labo- 
ratory for a period of over nine months. 
The sand samples that have been treated 


Since repetition of 


nitrogeneous com 


with this reagent have been washed re- 
peatedly with both saline 
water with no apparent diminution in 
their pronounced hydrophobic tenden- 


fresh and 


cies. Furthermore, no resistance to the 
flow of oil has developed, which is of 
great importance where an effort is to 
be made to obtain the very maximum 
oil recovery. Laboratory experiments in 
the use of this and other similar rea- 
gents are being continued. It is indi- 
cated that a variety of chemicals and 
chemical combinations may be required 
for the effective treatment of the diverse 
conditions that characterize oil reser 
voirs and reservoir fluids. 

The 
Chemicals is in process of organization. 
The business of the company will be 


partnership of Oil Recovery 


to study oil production problems for 
which various forms of chemical treat- 
ment may 
provide the necessary service connected 


provide a solution, and to 


with the application of the indicated 
treatment. It is. also, proposed that the 
company will have its headquarters at 
Austin, Tex.. where complete labora 
tory facilities will be provided for the 
study of applications of chemical treat 
ments to oil reservoirs, and where an 
adequate stock of all chemicals will be 
maintained. Research in the develop 
ment of new compounds and new tech 
niques will be continued in other lab- 
oratories by patent-holders and by 
chemical manufacturers. 
REFERENCES 
1. Weber. George: Oil and Gas Jour., 
(Jan. 25. 1951). 171-172. * * * 


Five Awards to be Given 


By AIME in 1952 


The AIME Board of Directors has 
authorized the granting of five awards 
at the Annual Meeting in 1952. The 
name of the award, the purpose for 
which granted, and the name of the 
chairman of the committee appointed 
to select the recipient. follow: 


Charles F. Rand Medal for 
guished achievement in mining adminis- 


distin- 


tration, the term mining to be broadly 
interpreted to include metallurgy and 
petroleum. Eugene Holman, chairman 
Rand Medal Committee, Standard Oil 
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Co. (N.J.). 30 Rockefeller Plaza. New 
York 20. N. Y. 

The Mathewson Medal for the Insti- 
tute of Metals Division paper which 
represents the most notable contribution 
to metallurgical science in the three- 
year period preceding the award. C. E 
Nelson. chairman Mathewson Medal 
Committee. Dow Chemical Co.. Mid- 
land, Mich. 

Robert H. Richards Award to recog- 
nize achievement in any form which 
unmistakably furthers the art of min- 
eral beneficiation in any of its branches. 
H. A. Pearse, chairman Richards Award 
Committee, Howe Sound Co., 730 Fifth 
Ave.. New York, N. 1 e 

Robert W. Hunt Award for the best 
AIME paper on iron and steel. T. L. 
Joseph, chairman Hunt Award Commit 
tee, University of Minnesota, Minneap- 
olis, Minn, 

J. E. Johnson, Jr.. Award to a man 
under 40 who has exhibited exceptional 
ability in research, invention, or contri- 
butions to the technical literature re- 
lated to the metallurgy or manufacture 
of pig iron. Paul R. Nichols, chairman 
Johnson Award Committee. Wisconsin 
Steel Works. South Chicago, Ill. * * * 


AIME to Publish 


Three New Volumes 

Three special pub- 
lished within the next year or two by 
the AIME under the sponsorship of the 
W. Mudd Memorial Fund and 
L. Doherty Memorial Fund 
have been authorized. 

The first of there 
since it is now in galley form, will be 
the second edition of Basic Open Hearth 
Steelmaking which should be available 
months. The second to 


volumes to be 


Seeley 


the Henry 


to be published. 


within a few 
appear will undoubtedly be Petroleum 
Conservation, edited by Stuart E. Buck- 
ley, the manuscript of which has now 
been completed. This is sponsored by 
the Doherty Fund. Third. is a new edi- 
tion of The Marketing of Metals and 
Vinerals, a book first published a quar- 
ter of a century ago which has long 
been out of print. F. E. Wormser, one 
of the original authors, now vice-presi- 
dent of the St. Joseph Lead Co., and 
Simon D. Strauss. vice-president of the 
American Smelting and Refining Co.. 
will collaborate on the new edition. 
Authorization to proceed with the work 
was voted at the meeting of the Board 


of Directors on April 18. * * * 


— It’s a Fact — 
Missouri, Georgia, New Mexico, Ne- 
braska and North Dakota reduced gaso- 


line taxes in the past year saving motor- 
ists more than $33.000.000 vearly. 
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Current AIME Budget 
Shows $6,430 Surplus 

At the April meeting of the Board of 
Directors the final budget for the cur- 
rent year, showing a surplus of $6,430, 
was adopted. Total income is expected 
to be $502,700, compared with $493,689 
in 1950; expenses, $496,270, compared 
with $511.411 in 1950. The budget is 
believed to be conservative, based on 
present costs. 

‘Last year the Metals Branch had a 
deficit of close to $42,000, its expense 
for publications being over $119,000. 
This has been cut down in the 1951 
budget to $102,630 for publications, the 
Branch deficit being reduced to $13,437. 
This promises to be the last year that 
the Metals Branch will suffer a deficit. 
Advertising income in the Journal of 
Vetals is showing a healthy increase, 
justifying the money that was put into 
the journal to get it established. Its 
net advertising income in 1949 was 
$11,000; in 1950 $30,000; with $45,000 
budgeted in 1951. 

The Mining Branch expense for 1951 
includes for the first time an appropria- 
tion for the Western Secretary and the 
expenses of his office, amounting to 
$12,000. If there should be a deficit in 
AIME accounts for the year, the Rocky 
Mountain Club Fund has promised to 
meet it up to this $12,000 figure, thus 
adding an extra factor of safety to the 
budget. 

For the first four months of 1951. 
AIME income was $336,610, or $27,428 
in excess of the same period in 1950. 
Expenses were $184,642 or $14,721 less 
than in the same period last year. Thus 
the Institute completes the first third 
of the year with an improvement ove 
its financial position of a year ago by 
$42,149. xe * 


Syria Welcomes Aid 
From U. S. Oil Companies 
The Syrian Minister to the United 
States has requested the assistance of 
the U. S. Government in advising pri- 
vate U. S. oil companies that their inter- 
est in oil exploration in Syria would be 
welcomed. The Syrian Minister stated 
that the 
Syrian 


concessionaire, the 
Petroleum Co. (subsidiary of 
the Iraq Petroleum Co.), was aban- 
doning its work as of August 15 after 
which date the most favorable area in 
Syria would be available for competi- 
tive bidding. 

Successful gas wells have been drilled 
near the Iraq border and this section, 
bordering the rich oil lands of Iraq, is 
geologically a part of the Persian Gulf 


present 
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basin, the richest oil section of the 
earth’s crust. 

For further information get in touch 
with the Syrian Legation, 2215 Wyo- 
ming Ave., N.W., Washington, D. C.. or 
Syrian Government authorities in Da- 
mascus. x~* * 
— It’s a Fact — 

The federal gasoline tax of 1/2 cents 
per gallon now costs taxpayers more 
each year than the total tax receipts of 
from all 


the national government 


sources 35 years ago. 


THESE FAMOUS 


SINGLE SHOT SURVEY 
INSTRUMENTS 

REGULAR TYPE—This instrum 
vored because of its simplicity of oper 
ation. The Drilling crew can lood, unload, 
and develop the recording discs in cern 
light. The discs are easy to read -_ 
simple to interpret. It is the most depen 
able survey instrument available 


SMALL TYPE—This instrument is ‘ 
with retractable coring equipment, with 
non-magnetic drill collars, or special trig- 
ger bits. Its use results in substontial a 
ings in rig time The operation is identica 
to that of the regular type instrument 


THESE INSTRUMENTS ARE USED— 
On all directional drilling operations 
for checking the course of the well. 

To accurately record the course of the 

. well as it is drilled in order to 
straighten the bore if necessary. 

As a means of securing information to 
insure correct bottom hole spacing on 
the lease 

4 For determin: 
of all points ' 
to the geological structure. 

nting cores to correct for the 


ent fo- 


used 


ng the correct location 
n the well in reference 


In orie 
true drift and deviation of the well 


bore 


19th Geological Congress 
To Be Held in Algiers 


The First Circular concerning the 
19th International Geological Congress, 
to be held in Algiers in 1952, is now 
available. The Secretary, AIME, has a 
small supply of the circulars and will 
send a copy to any AIME member as 
long as the supply lasts. Or copies may 
be secured direct from R. Lafitte, Gen- 
eral Secretary of the Algerian Organiz- 
ing Committee, Faculté des Sciences, 
Alger (Algeria). x * & 


OIL WELL SURVEY 


INSTRUMENTS 


DRIFT INDICATORS 
TYPE “W” DRIFT INDICATORS — The 
Type “W” is a@ mechanical instrument 
which eliminates the use of batteries, 
light bulbs, and photosensitive discs. The 
instrument incorporates a patented self- 
checking design which enables it to make 
two recordings. This feature insures that 
an incorrect reading will net be accepted. 
TYPE “M” DRIFT INDICATOR—This in- 
strument records photographically. Due 
to the length of the exposure necessary 
to make a recording, the operator is 
assured of a true reading. If the instru- 


ment’s plumb bob is in motion, no record 
is obtained. 


THESE INSTRUMENTS ARE USED— 


To determine that the well is drilled 


within the drift limits specified in the 
contract. 


2 As an assurance that there are no 


“doglegs” left in a straight well 
it is drilled. baa 


3 For economy. They are the most inex- 


pensive straight-hole surveying instru- 
ments available. 


4 In drilling a well on a flat structure to 


assure that the hole is moderately 
straight. After drilling is completed a 
Multiple Shot Survey is run to deter- 
mine the exact course of the well. 


CALL THE EASTMAN MAN NEAREST YOU! 


Consult Your Telephone Directory 


EASTMAN OFFERS YOU DEPENDABLE INSTRUMENTS, SERVICE AND RESULTS 


These instruments are rented to operators and drilling contract Ww 
accessories. Frequent calls are made at the well by Eos ’ 


e Me s 


operation of the equipment 


EASTMAN OIL WELL SURVEY ¢O- 


LONG BEACH 
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DENVER 


TT LeLee Rael, | 
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Personals 





J. Frencn Ropinson recently as- 
sumed the presidency of Consolidated 
Natural Gas Co. of New York. He will 
retain the board 3 

chairmanship of 9 

East Ohio Gas Co.. 

one of five compa- 

nies owned by 

Consolidated. Rob- 

inson was born in 

1890 in Elizabeth, 

W. Va., and as a 

youth read meters 

and repaired gas 

lines for his father, who owned a small 
gas company. He was with the People’s 
Natural Gas Co.., 
subsidiary. before joining East Ohio in 
1940. Robinson will maintain residence 


another Consolidated 


in Cleveland. though his offices were 
transferred to New York. 


—_ 


Wittiam G. Apport has been trans- 
ferred to the Amerada Petroleum Corp. 
Fort Worth, Tex., office as petroleum 
engineer. He was formerly district en- 
gineer at Big Lake. Tex. 


+ 


Sam T. Bottz is now a roustabout 
engineer for The Texas Co. Caldwell, 


Tex. 
+ 


L. G. Cuomebart, well log consulting 
engineer, has joined Amstutz & Yates, 
Inc., consulting petroleum engineers 
and geologists. 

Wichita. Kans. His 
consulting services 
for detaifed analy- 
sis and review of 
well logs of Kan- 
sas and other 
states will con- 
tinue to be avail- 
able through the 
Another 
phase of his work will involve exten- 


firm. 


sive use of well log data in the firm’s 
consulting work on completion and pro- 
duction problems, estimates of reserves. 
etc. His experience includes 14 years 
with Schlumberger Well 
Corp. in various capacities, including 


Surveying 


managership of the Kansas Division 
and several months of well log consult- 
ing work with a Tulsa associate. R. G. 
Hamilton. 
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Epwarp C. G. Borreco, Tropical Oil 
Co., has been made general manager 
and is now located in Bogota, Colombia 


on 


Joun Patrick Conroy is now petro 
leum engineer with the Arabian Ameri 


ean Oil Co.. New York, N. Y. 


+ 


Grorces X. Catteya has joined the 
Mexican American 


Mexico, D. F. 


Independent Co.. 


on 


Wittiam D. Carson is now with the 
Continental Oil Co., Ponca City, Okla 


a 


R. G. Hamitton of Tulsa has reor- 
ganized his original firm of Hamilton 
Well Log Consultants, which now offers 
world-wide evalua- 
tion and consult- 
ing services in well 
logging and elec- 
tric log interpreta- 
tion for oil com- 
panies. His firm 
was organized in 
1949. 

The firm will 
distribute the new 


~ 


Arps-Hamilton Loganalyzer, a pocket- 
size slide rule condensing log quantita 


tive relationships into a practical, eas 
ily operated calculator for obtaining 
porosity, water and oil saturations and 
permeability from electric logs. Hamil 
ton was associated with the Schlumber 
ger Well Surveying Corp. for 15 years 
and recently with L. G. Chombart un 
der the firm name of Hamilton and 
Chombart. 


a 


Howarp A. Jounson, Shell Oil Co.. 
Great Bend. Kans.. has been transferred 
to the Oklahoma City office. 


— 


Joun H. JENNiNGs, 
Ohio Oil Co.. Tulsa, Is now with Deep 
Rock Oil Corp.. Tulsa. 


+ 


Sern L. Loppers 
as company geologist by Hydrocarbon 
Storage. Inc... Fort Worth. Tex 


formerly with 


is now employed 
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Ray C. Lewis, formerly chief geolo- 
gist for the Houston Oil Co. of Texas, 
has been appointed to the newly cre- 
ated position of 
manager of explo- 
ration in charge of 
the geological. ge- 
ophysical and land 
departments. Lew- 
is is a graduate of 
the University of 
California. He 
served in various 
capacities in the 
geological department of Stanolind Oil 
and Gas Co. prior to joining the Hous- 
ton Oil Co. of Texas in July. 1945. 


CuHarLes Rosert Oxson has become 
petroleum engineer for the Ohio Oil 
Co. Shreveport, La. 


+ 


Micuaet Patrick Swincie has 
joined the Shell Oil Co., Tulsa. 


+ 


Epcar C. WINEGARTNER is now with 
the Humble Oil Co. of Baytown. Tex. 


+ 


Mitton H. STANDLEY is now junior 
exploitation engineer. Shell Oil Co.. 
Houston. 


+ 


Richarp V. STAUBLE is associated 
with the Socony Vacuum Oil Co.. Cara- 


cas. Venezuela. 


+. 


D. V. Carter has been elected a 
member of the Texas-Delta Chapter of 
Tau Beta Pi. Initiation ceremonies were 
conducted May 2, 1951. at College Sta- 


tion, Tex. 





Meetings of Interest 

The American Society for Testing 
Materials will hold its 54th Annual 
Meeting at Chalfonte-Haddon Hall. 
Atlantic City, N. J.. June 18-22. 
Technical symposiums will be con- 
ducted on flame photometry. struc- 
tural sandwich construction, acousti- 
cal materials, consolidation testing 
of soils, surface and subsurface re- 
onnaissance, bulk sampling. and 
ultimate consumer goods. The com- 
plete provisional program may be 
obtained from ASTM. 1916 Race St.. 
Philadelphia 3. Pa. 
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Employment Notices 





The Journat will post notices of 
men and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below, address replies 
to: Code (appropriate number), Jour- 
NAL OF PetroLeuM TECHNOLOGY, 408 
Trinity Universal Bldg., Dallas 1. Show 
return address on envelope. These re- 
plies will be forwarded unopened and 
no fees are involved. 


Replies to the positions coded Y5384 
and Y5204 below should be addressed 
to: Engineering Societies Personnel 
Service, 8 West 40th St., New York 18, 
N. Y. The ESPS. on whose behalf 
these notices are published here, col- 
lects a fee from applicants actually 
placed. 





The Engineering Societies Person- 
nel Service, Inc., has many outstand- 
‘ng engineering positions available 
throughout the United States and 
for foreign service. 

Vake your availability known to 
the office of the Engineering Socie- 
ties Personnel Service, Inc., nearest 
to your home. Never before in the 
30-year history of the Service have 
there been greater opportunities for 
members of the engineering profes- 
sion in all branches, mechanical, 
electrical, civil, mining and metal- 
lurgical, chemical, naval architec- 
ture, etc. 

Now is the time to find the oppor- 
tunity you have been waiting for 
but the initial step must be taken by 
you. 

2 


Executive Director 
New York Chicago 
8 W. 40th St. 84 E. Randolph St. 
t 


San Francisco tr 
57 Post Street 100 Farnsworth Ave. 











POSITIONS 


@ A principal New York City banking 
establishment is seeking a graduate in 
petroleum engineering or petroleum ge- 
ology. preferably one with several years’ 
experience in field engineering and with 
some practice in valuation of oil and 
gas reserves. This position offers experi- 
ence in oil and gas research studies and 
property appraisals as well as the cor- 
relative advantage of experience in the 
field of financing and the financial as- 
pects of the petroleum industry. Finan- 
cial stability and probability of ad- 
vancement are excellent. Code 529. 
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@ A college in the Southwest has an 
opening for a man to teach courses in 
petroleum production. He should have 
a BS degree and several years of prac- 
tical experience. The rank and salary 
will be based upon the training and 
practical experience of the man em 
ployed. Opportunities for research as 
well as consulting work. Code 530. 


@ Chief geologist. assistant geologists 
and geophysicists for bringing into pro 
duction new properties in Bolivia. Will 
examine prospects and attempt to find 
completely new mines. In addition to 
tin and base metals. attention will be 
paid to non-metallics as well as min 
erals not generally recognized by aver- 


age prospectors. Salary open. Y5384. 


@ Lubrication sales 32-40. 
with experience in sales of industrial 


engineer, 


and automotive lubricants, to sell lubri 
cating oils and greases throughout Latin 
America. Considerable traveling. Mus 
Salary, 


have knowledge of Spanish. 


$7,200 a year plus expenses. Y5204. 


PERSONNEL 

@ Graduate petroleum engineer, 30, 
married, eight years’ varied petroleum 
industry experience, desires responsible 
position as executive assistant or situa- 
tion offering advancement commensu- 
rate with performance. Available on 30 
days’ notice in Chicago area. Will relo- 
cate. Code 146. 


@ Available to operator or small com- 
pany superintendent. Graduate petro- 
leum engineer with more than 20 years’ 
experience in drilling and production. 
Code 147. 


@ Production engineer wishes to change 
employment. MS in petroleum engineer- 
ing with three years’ experience. Mar- 
ried, three children, 29 years old, vet 
eran of the last war. Code 148. 


@ Petroleum engineer, 1947 graduate. 
wishes to change employment. Want ac- 
pertaining to drilling, 
completion and production. Prefer to 
work for independent producer. All of 
fers considered. Age 31, married. Code 
149, 


tive position 





Proposed for Membership, Petroleum Branch 





Total AIME membership on January 31, 1951 
wos 17,228; in addition, 4,613 Student Associates 
were enrolled 

ADMISSIONS COMMITTEE 

Thomas G. Moore, Chairman; Carroll A. Gar 
ner, Vice-Chairman; George 8. Corless, F. W 
Hanson, Albert J. Phillips, Lloyd C. Gibson, R. D 
Mollison, John T. Sherman. Alternates, A. C 
Brinker, H. W. Hitzrot, Plato Malozemoff, Ivan 
Given, T. D. Jones, W. H. Farrand 

Institute members are urged to review this list 
as soon as the issue is received and immediately 
to wire the Secretary's office, night message 
collect, if objection is offered to the admission 
of any applicant. Details of the objection should 
follow by air mail. The Institute desires to extend 
privileges but does not desire to admit persons 
unless they are qualified. Objections on appli 
cations should be received on the 15th of the 
month following publication in PETROLEUM TECH 
NOLOGY. 

In the following list C/S means change of 
status; R, reinstatement; M, member; J, Junior 
Member; AM, Associate Member; S, Student Asso 
ciate; F, Junior Foreign Affiliate 


CALIFORNIA 
Bakersfield Jarrett, James C. (M) 
Los Angeles Luckett, William E 
Ventura Richard R 
1/8-S-J). 
West Covina Lloyd 
C/S-S-J}. 
COLORABO 


Denver — Chaba 


ILLINOIS 


Forrest Park 


KANSAS 

Chanute Pate, Carl L. (M) 

Lawrence Weinaug, Charles F. (M) (C/S- 
J-M). 


Schuppert 


Donald D 


McEfee, Rene I. (M) 
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KENTUCKY 
Owensboro Davidson, Charles D. (J). Geiss- 
ler, Paul M. (M) (R,C/S-S-M) 


MISSOURI 
Kansas City 
(R,C/8-S-J) 


NEW MEXICO 
Chain, John H. (J) (R,C/S-S-J). 
OKLAHOMA 


Bartlesville Smotherman, Harold M. (J). 
Tulsa Smith, Aurel E. (M) (C/S-A-M). 


TEXAS 


Andrews 


Alfred H. (J) 


Silberberg, 


Artesia 


Dingle, William W. (J). 

Bishop Cozad, David J. (J). 

Dallas Madera, Ruford F. (M); Metzger 
Herbert A. (M); Nichols, Earl A. (M) ‘/S- 
J-M); Tennant, Robert H. (M) (C/S-J-M) 

Delmita Gabel, George C. (J). 

Fort Worth Bonner, Bobby J. (J). 

Houston Spain, Horace H. (M). 

Kermit Barney, Charles L. (J); 
ames R. (M) (C/S-J-M). 

Lake Jackson Henson, Robert A. (M) (R, 

S-S 


Puckett, 


Midland 
Refugio 


Seminole 
J 


Knox, John A. (J). 
Adrian, Horace F. (M) 
Capps, William M. (J) 


WYOMING 
Cordiner, Frank S. (J). 
FRENCH MOROCCO 

Sorel, Rene L. (J). 


Laramie 


VENEZUELA 
Cirigliano, Jose (M) (C/S-A-M). ®& *® * 
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Aduertisers Index 


Page 
A-1 Bit & Tool Co. . . Pais See 2s . 1-4 
Calvin L. Clausel, ee Houston 
Allen B. DuMont Laboratories, Inc. 
Austin C. Lescarboura, Croton-on- Hudson, N. Y 
Axelson Manufacturing Co. . . . . . . . See. 
Heintz & Co., Los Angeles 
Baker Oil Tooks, Inc. . eae oe 
heo. M. Martin Ce. ‘Sen Gabriel, Calif 
Baroid Sales Division, National lead Co. . . . . . * 
Darwin H. Clark Co., Los Angeles, Calif 
Band W Incorporated. . ..... . Sec. 1—5 
Clark Bros. Co., Inc. a hihi nate ts ‘Ses 1—6, 7 
Harold Warner Co. Buffalo, N. Y 
Core Laboratories, Inc. . 
Duvall Willioms, Dallas, Ten. 
Dowell Incorporated . . . . . .. . «. Sec. 1-12 
MacManus, John & Adams, Inc., Detroit, Mich 
Eastman Oil Well Survey Co. . < « Sat: 28 
Ted Workman Advertising, Dollos, fn. 
Geolograph Co., ti. a hg -agke ea oe ae 
we ‘Runkle Co., Chichene City, Oklo. 
G. M. Gionnini & Co., Inc. 
Western ddvertning Agency, tes dealin. "Calif 
Grove Regulator Co. or i 
Rives, Dyke and Co., Houston, Tex. 
Halliburton Oil Well Cementing Co. . . See. 
lLannon, Sonders & Christopher, Dallas, a 
Harry W. Dietert Co. 
Hughes Tool Co. ‘ 
Foote, Cone & Belding, Houston 


Johnston Oil Field Service Corp. . . . . . . . . * 


Wallace Davis & Co., Houston, Tex. 


* 


Third Cover 


Lane-Wells Co. et ae et 
Darwin H. Clark te, los Angeles, Calif 


Larkin & Co., Inc. 


tonnes Advertising, Butler, sae 


Lufkin Foundry & Machine Co. , 
Cudlipp Advertising Agency, Lufkin, Ten 

Magnet Cove Barium Corp. . ars 
Rives, Dyke and Co., Houston, Texas 

Oil Base, Inc. ee ee a oe 
Dozier hecueen & Co., Los Angeles, Calif 


Otis Pressure Control, Inc. . . 
Dan Goodrich, Dallas, Tex 


Professional Services . . ..... . . Sec. 1-8 


The Second National Bank, Houston, Tex. . . . .. * 
Gano, Bachrodt, Edwards, Inc. 


Schlumberger Well Surveying Corp. . Second Cover 


Rives, Dyke & Co., Houston, Tex 


Sinclair Research Laboratories, Inc. . . . . Sec. 1—11 
Kenyon & Eckhardt, Inc., Adv., New York 


Sperry-Sun Well Surveying Co. . Sec. 1-9 


Wallace Davis & Co., Houston 
Sun Radio and Electronics Co., Inc. . & a ae 
Austin C. Lescarboura, Craten- on- Hudson, “N Y 


United Geophysical Co., Inc. . 


> Fourth Cover 
Dozier-Eastman & Co., los Angeles, Calif 


Wien Jee Dertees, We... x. et ce lw ee eC 
Evans & Assoc. Advertising, Ft. Worth, Tex 
Well Surveys, Inc. 
Wotts, Payne Advertising, Sabian, Okla 
*In previous issues 





PETROLEUM BRANCH 


MEETING CALENDAR 


Kansas Section 

South Plains Sub-Section 
Oklahoma City Section 
Pacific Petroleum Chapter 


Delta Section 

IIlinois Basin Chapter 
Mid-Continent Section 
Pacific Junior Group 
Kansas Section 

South Plains Sub-Section 
Oklahoma City Section 
Pacific Petroleum Chapter 


AUGUST 


2 
7 
9 


Illinois Basin Chapter 
Delta Section 
Pacific Junior Group 
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JUNE Through NOVEMBER 


13 Mid-Continent Section 

15 Kansas Section 

16 South Plains Sub-Section 
16 Oklahoma City Section 
27 Pacific Petroleum Chapter 


SEPTEMBER 

4 Delta Section 

6 Illinois Basin Chapter 
10 Mid-Continent Section 


11 East Texas Section 
13 Pacific Junior Group 


18 Gulf Coast Section 

19 Southwest Texas Section 

20 South Plains Sub-Section 

20 Oklahoma City Section 

24 Permian Basin Section 

24 Pacific Petroleum Chapter 
OCTOBER 

2 Delta Section 

3-5 Petroleum Branch Fall Meet- 


ing, Oklahoma City 
4 Illinois Basin Chapter 
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Mid-Continent Section 
East Texas Section 
Pacific Junior Group 
Gulf Coast Section 
Southwest Texas Section 
South Plains Sub-Section 
Oklahoma City Section 
Permian Basin Section 
Pacific Petroleum Chapter 
Petroleum Branch Fall 
Meeting, Los Angeles 


NOVEMBER 


Illinois Basin Chapter 
Delta Section 

Pacific Junior Group 
Mid-Continent Section 
East Texas Section 
Oklahoma City Section 
South Plains Sub-Section 
Gulf Coast Section 
Southwest Texas Section 
Kansas Section 

Pacific Petroleum Chapter 
Permian Basin Section 
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The story behind Hughes’ 


new 2000 000 
Research Laboratory 


Since 1911, Hughes Tool 
Company has maintained a 
continuous research program 
aimed at improving bit design 
and drilling performance. 

To expand our already 
established leadership in 
research, we are building a new 
$2,000,000 laboratory which 
will represent the finest 
full-scale project of its kind 

in the world. 





The complete metallurgical, 
chemical, welding and 
mechanical testing facilities of 
this laboratory will permit 
us to greatly extend existing 
knowledge of what happens to 
drill stems and rock bits miles 
underground. New techniques 
in drilling will be tested 
under carefully controlled, 
simulated field conditions 
This big, new laboratory, 
with our staff of trained 


ree & . field and research 
4 engineers, is an investment 
7 y g 
Boveroresrert, in the future. It is evidence 


HUGHES of our determination that 


| Hughes know-how and 
TOOL COMPANY Hughes products will 
wr tate eagle continue to be the “World 


Standard of the Industry” 





IN ALASKA 


Since 1945 UNITED has done all the seismic and gravity meter geophysical 

work on the 35,000 square miles comprising the Naval Petroleum 

Reserve No. 4, located on the north slope of the Arctic Coastal Plain. 

By developing special equipment and using helicopters, weasels and HrOCtOr Mae. 


to overcome the obstacles encountered in this rugged, frigid 


country, UNITED has greatly increased U.S. oil reserves. 
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FINANCE COMMITTEE OF 

BOARD OF DIRECTORS 
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THE 
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INVESTMENTS 
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W. L. Kleitz, °52 
Henry Krumb, °53 
Andrew Fletcher, 
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A. B. Kinzel, Chairman Finance Committee 
ex officio 


LOCAL SECTION APPROPRIATIONS 
Hjalmar W. Johnson, Chatrmar 
H. A. Herder 
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Alternates 
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ENDOWMENT 
Cleveland E. Dodge, Chatrman Cc. F. 
John D. Bradley 
W. J. Coulter 
H. N. Eavenson 
D. C. 
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Mudd 
W. A. Sinsheimer 
Wilfred Sykes 
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ENDOWMENT FUND "X” 
Andrew Fletcher, 
Erle V. Daveler, *52 
Philip Kraft, ’53 
Franz Schneider, °'54 


“‘Aairman 


HONORARY MEMBERSHIPS 
Clyde Williams, Chatrmar 
L. E. Young W. E. Wrather 
Henry Krumb, ° 54 
Leo F. Reinartz, °53 


W. M. Peirce, ex officio 


John M. Lovejoy, *55 
Reno H. Sales, 


59 
de 


ADMISSIONS 

Thomas G. Moore, 

Carroll A. Garner, 

George B. Corless Lloyd C. Gibson 

F. W. Hanson R. D. Mollison 

Albert J. Phillips John T. 
Alternates 

A. C Brinker H.W. 

W. H. Farrand T. 

Ivan Given 


“‘natrmn 
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Chatrman 


Sherman 


Hitzrot 
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MEMBERS’ CONDUCT 
W. E. Wrather, Chairman 


L. E. Young Clyde Williams 


ROCKY MOUNTAIN INCOME 


Henry Krumb, Chairman, '52 
Philip Kraft, ‘54 Harvey S. Mudd, '53 


SEELEY W. MUDD MEMORIAL FUND 


H. DeWitt Smith, Chairman, °53 
J. G. Baragwanath, ‘54 
C. H. Mathewson, ’52 
W. M. Peirce, ex officio 
E. H. Robie, ex officio 


GEMMELL MEMORIAL FUND 
D. CG Jackling, Utatrman, '53 


J. M. Boutwell Louis S. Cates, '52 
E. W. Engelmann, '55 D. D. Moffat, ‘56 


HENRY L. DOHERTY MEMORIAL FUND 


John M. Lovejoy, Chatrman 
E. DeGolyer Warren A. Sinsheimer 


ROSSITER W. RAYMOND MEMORIAL AWARD 


J. S. Smart, Jr., Chasrman, °55 
M. G. Gulley, *54 N. G. Alford, '53 
J. R. Van Pelt, °52 B. J. Larpenteur, ’56 
Francis B. Foley, Chatrman, Technical 
Publications Committee, ex officio 


ROBERT H. RICHARDS AWARD 


H. A. 
Ernest Klepetko, "52 
Fred DeVaney, '53 
Elmer Isern, '53 S. J. Swainson, '55 
T. B. Counselman, '55 
R. E. Byler, Chairman, Minerals Benefication 
Division, ex officio 
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E. H. Rose, '54 
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Eugene Holman, Chairman, °52 
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Philip R. Bradley, Jr. '55 Paul D. Merica 
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S. E. 
Ww. M, 


“‘aatrman, °52 
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» “a 
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Peirce, ex officio 
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Heath Steele, Chatrman, '52 
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David D. Moffat, °53 Arthur Notman, 
Cadwallader Evans, Jr., '53 
A. F. 
W. M. 


Goodwin, ’ 


Leighton, 


Peterson, °55 


Peirce, ex officio 


LUCAS PETROLEUM MEDAL 
Howard C. Pyle, Chairman, °52 

M. Gordon Gulley, °52 A. RK. Denison, °52 
Fred M. Nelson, '53 J. E. Brantly, °53 
Lloyd E. Elkins, °54 Wallace E. Pratt, °53 
John H. Murrell, °54 W. H. Geis, °54 
M. L. Haider, °55 Raymond F. Baker, °55 

John E. “s 


Sherborne, 
Members ex officiis 


James Boyd, Director, U. S. 
Frank N. Porter, President 


Bureau of Mines 


American Petroleum Institute 
W. M. Peirce, President, AIME 
C. L. Moody, President 
American Association of Petroleum Geologists 


ERSKINE RAMSAY COAL MEDAL 


Chairman, '52 

H. P. Greenwald, 
Yancey, 
Swallow, 


Harry M. Moses, 
W. C. Chase, ‘52 
Clayton G. Rall, °53 H. F. 


*§3 Richard H. 
C. EF. Lawall, ‘55 
W. M. Peirce, ex officio 


Evan Evans 





STANDING COMMITTEES 





TECHNICAL PUBLICATIONS COMMITTEE 


October 1950 to October 1951 
Francis B. Foley, Chatrman 
J. I. Laudermilk, Vix 
C. H. Lambur, Vice 


E. J. Kennedy, Jr., Secretary 


Robert H. Aborn Paul F. Kerr 
C. H. Behre, Jr. W. H. Loerpabel 
Philip B. Bucky Earl W. Palmer 
Russell H. Cornel! Louis C. Raymond 
Charles W. Eichrodt J. S. Smart, Jr. 
M. D. Hassialis Felix E. Wormser 
Members ex officiis 
Joe B. Alford E. O. Kirkendall 
John Beall R. E. O’Brien 


e-—Chatrman 
LAatrman 


E. H. Robie 


AUXILIARY PUBLICATIONS CObéhd 
Coal Division 
Harold P. Greenwald, Chairman 
David H. Davis H. J. Rose 
Carroll F. Hardy G. Albert Shoemaker 
Raymond C. Johnsen James A. Younkins, Jr. 


INDUSTRIAL MINERALS D/V/S/ON 
Alan F. Matthews, Chatrman 
Harold M. Bannerman 
0. C. Ralston 


Howard I. Smth 
Richard W. Smith 


MINERALS BENEFICIAT/ON DIVISION 


M. D. Chatrman 
T. M. Morris 


H. Rush Spedden 


Hassialis, 


« C. Bond 
3. R. B. Cooke 


F. M. 


Lewis 


MINING, GEOLOGY, AND GEOPHYSICS D/iV/S/ON 


Mining Subdivision 

Ross D. Leisk, 

Malcolm C. Brown G. T. 

John Edgar Roy S. Hooper 

Rollin Farmin R. W. Hughes 
Joseph C. Kieffer 


nat rman 


Har ley 


Geology Subdivision 

Richard N. Hunt, 
M. B. Kildale 
W. R. Landwehr 


“ha trman 

Harrison Schmitt 
Carl To)man 

Ralph Tuck 


Geophysics Subdivision 


H. Leroy Scharon, Chairman 
Ross B. Heinrich Florence Robertson 
Daniel R. Stewart 


INSTITUTE OF METALS DIVISION 


F. N. Rhines, Chairman 
W. M. Baldwin, Jr. B. W. Gonser 
C. S. Barrett H. H. Hausner 
P. A. Beck W. R. Hibbard, Jr. 
Morris Cohen J. M. Hodge 
L. S. Darken J. R. Low, Jr. 
W. L. Fink R. B. Mears 
A. H. Geisler T. A. Read 


RON AND STEEL DIV/SIQN 
F. M. Washburn, 
Andrew G. Forrest 
Myron Janes 
Earl Pierce 


‘natrman 
T. F. Plimpton 
M. Tenenbaum 
Otto Zmeskal 


EXTRACTIVE METALLURGY D/V1S/OQN 


Philip T. Stroup, Chai rman 

J. Glasser, Vice—Chairman 
Matthew A. Hunter S do. 
R. BR. McNaughton 


Ravitz 
John D. Sullivan 


PETROLEUM DIVISION 
J. M. Bugbee, Chairman 
J. P. Hammond, Vice-Chairman 
Dan L. Marshall 
Walter Hose 


Kupert C. Craze 


C. F. Redmon 


MINERAL ECONOMICS D/V/SION 
Kenneth E. Hill, 
C. G. Ball 
A. F. Banfield 


“ha trman 
G. W. Josephson 
S. G. Lasky 


MINERAL INDUSTRY EDUCATION DIV/S/ON 
C. H. Behre, Jr., 


Thomas L. Joseph 
W. B. Plank 


hatrman 
H. H. Power 
A. W. Schlechten 





STANDING COMMITTEES 





COORDINATING COMMITTEE ON TECHNICAL PROGRAM 
FOR THE ANNUAL MEETING 


S. J. Swainson, Chairman 
Orville Lyons 
C. H. Moore, Jr. 
E. P. Pfleider 
Leroy Scharon 
G. M. Schwartz 
P. T. Stroup 


Paul Beck 

E. H. Crabtree, Jr. 
Walter Crafts 

D. S. Eppelsheimer 
Evan Just 

Sherwin F. Kelly 


AIME PENSION TRUST 
Paul D. Merica, Chairman 
Cates John M. Lovejoy 
H. A. Maloney, Secretary 


Louis S. 


STUDENT RELATIONS 


M. D. Cooper, Chairman 
Alvin S. Cohan, Secretary 
John C. Calhoun, Jr. Charles T. Holland 
Clark B. Carpenter P. D. I. Honeyman 
kh. D. Chapman David K. Mitchell 
T. G. Chapman Ralph F. Nielsen 
W. K. Chedsey W. B. Plank 
John Chipman H. H. Power 
Carl J. Christensen James K. hichardson 
George H. Deike J. Murray hiddell 
Gilbert E. Doan J. W. Spretnak 
C. bh. Dodson W. A Staab 
George M. Enos J. U. Teague 
Paul Fitzgerald C. A. Warner 
James D. Forrester Henry C. Woods 
J. B. Haffner 


SUB-COWM/TTEE ON STUDENT 
PRIZE PAPER AWARDS 


William A. Staab, Chairman 
Ralph F. Nielsen J. W. Spretnak 


LIBRARY 
Executive Committee 
M. B. Gentry, Chairman, °52 
Frank T. Sisco, '54 
E. H. Robie, Secretary AIME, 
ex officio 


GENERAL COM! TTEE 


Composed of Local Section Representatives 


RESEARCH 


A. M. Gaudin, Chairman 
Joseph L. Gillson Albert W. Schlechten 


COOPERATION WITH THE 
CANADIAN INSTITUTE OF MINING 
AND METALLURGY 


Alan M. Bateman, Chatrman 
Max W. Ball, Vice 
J. A. Brusset 
R. W. Diamond 
A. O. Dufresne 
Stanly A. Easton 
Horace J. Fraser 
F. W. Guernsey 
J. K. Gustafson 
M. L. Haider M. W. Summerhayes 
Ira K. Hearn Scott Turner 
Pierre R. Hines E. A. White 
Oliver B. Hopkins John Knox 


Chairman 
Philip Kraft 
H. E. McKinstry 
William E. Milligan 
J. A. Retty 
Milnor Roberts 
J. G. Ross 
R. J. Spry 


SEELEY W. MUDD SERIES 
VOLUME ON HEALTH AND SAFETY IN MINING 


EDITORIAL ADVISORY BOARD 


Clarence M. Haight, Chairman 
J. J. Carrigan 

George H. Deike 
Oscar A. Glaeser 


R. R. Sayers R. 


Daniel Harrington 
Theodore Marvin 

T. G. Murdock 
Dawson Hall, Editor 


SEELEY W. MUDD SERIES 

VOLUME ON MECHANICAL LOADING 

AND HAULAGE IN UNDERGROUND MINES 
EDITORIAL ADV/SORY BOARD 

‘airman 

R. E. Kirk 
Eugene McAuliffe 
McElroy 
Salvati 


Cadwallader Evans, Jr., 
L. C. Campbell 
W. J. Coulter 
Lucien Eaton D. L. 
R. T. Elstad R. E. 
Andrew Fletcher Louis Ware 
G. T. Harley Clyde E. Weed 
C. T. Hayden L. E. Young, Editor 


HEMRY L. DOHERTY MEMORIAL 
VOLUME ON PETROLEUM CONSERVATION 
Stuart E. Buckley, Chairman 
C. E. Beecher H. N. Marsh 
E. DeGolyer C. V. Millikan 
R. E. Hardwicke A. C. Rubel 
W. V. Vietti 





STANDING COMMITTEES 





COMMITTEE ON NOMINATIONS 
FOR (952 AIME OFFICERS 


Clayton G. Ball, Chairman 
(Philip R. Bradley, Jr.) 


Herbert M. Cooley (P. P. Manion, Jr.) 
E. D. Dickerman (C. L. Barker) 
Lloyd E. Elkins (R. C. Earlougher) 
P. C. Feddersen (John D. Sullivan) 
Herbert R. Hanley (L. P. Davidson) 
T. L. Joseph (D. S. Eppelsheimer) 
Albert Mendel sohn (P. D. I. 
Richard F. Miller (John T. Ryan, Jr.) 
Henry T. Mudd (James A. Kavenaugh) 
J. Murray Riddel| (Richard W. Smith) 
Harry M. St. John (Rudolph Tietig, Jr.) 
R. Schuhmann, Jr. (H. Rush Spedden) 
John R. Suman (Howard G. Pyle ) 
S. J. Swainson (Veleair C. Smith) 
Paul R. Turnbull (M. D. 
Philip D. Wilsor (James Douglas) 
W. L. Zeigler 


(Note: The names in parentheses are 
those of the 


Hone yman ) 


Cooper) 


(Wallace G. Woolf) 


ai ternates) 


GENERAL MEMBERSHIP 
T. B. Counselman, Chatrmar 


(Committee is composed of Chairme f 


Section and Division Committees on Member 
OlV/SIQN 
Coal Ralph G. Spindler 
Extractive Metallurgy R. D. Bradford 
Industrial Minerals John D. Sullivan 
Institute of Metals Se 3. 
Iron and Steel Hugo E. Johnson 
Mineral Economics 
Mineral Industry Education 
Minerals Beneficiation S. £. 
Mining, Geology, and Geophysics 


Harris 


Harry H. Power 
Erickson 


Leland W. Walker 
Armstrong 


Subdivision: Mining 
Geology - CG 
Geophysics. .James B. MacElwane 


Petroleum Jack H. Beesley 


LOCAL SECT/ON 
Alaska 
Arizona 
Black Hills 
Boston 
Carlsbad Potash 
Central Appalachian 
Chicago 
Cleveland 
Colorado 
Columbia 
Connecticut 
Delta 
Detroit 
East Texas 
El Paso Metals 
Florida 
Gulf Coast 
Kansas 
Lehigh Valley 
Mexico 
Mid-Continent 
Minnesota 
Montana 
Nevada 
New York 
North Pacific 
North Texas 
Ohio Valley 
Oklahoma City 
Oregon 
Pennsylvania-Anthracite 
Permian Pasin 
Philadelphia 
Pittsburgh 
St. Louis 
San Francisco 
Southeast 
Southern California 
Southwest Texas 
Southwestern Alaska 
Southwestern New Mexico 
Tri-State 
Upper Peninsula 
Utah 
Washington, D. C. 
Wyoming 


H. Kruml auf 
R. J. Hall 
A. M. Gaudin 
W. P. Wilson 


C. M. Squarcy 
Harry Schwartzbart 
Asher Patton 


Maur J. Weldon 
C. A. Capps 
H. Anderson 


0. P. Lance 

N. Morris Faulds 
W. B. Hopkins 

D. S. Lyons 

G. C. MacDonald 
W. L. Taylor 

W. J. Waylett 


Domingo Moreno 
C. H. Randt 


W. H. Newton 


L. H. Banning 
J. T. Griffiths 


J. C. Lokken 

M. C. McCall 
Chester L. Wheless 
W. J. Akert 

F. J. Guddeback 
Fred W. Denton 
J. F. Dugan 


W. T. Nightingale 


COUNCIL OF SECTION DELEGATES 


F. W. Strandberg, Chairman 
R. D. Ghapman, Vice-Chatrman 
F. T. Moyer, Secretary 
EXECUTIVE COMMITTEE 
John E. Kastrop 
Linwood Thiessen 


Roy H. Smith 
E. H. Wisser 
Member on Nominating Committee for 


Paul R. Turnbull 
Alt.: M. D. Cooper 


1952 Officers: 








OFFICIAL AIME REPRESENTATIVES 
1951 


UNITED ENGINEERING TRUSTEES, INC. 
James L. Head, "51 E. €. Meagher, ’52 
Gail F. Moulton, ‘53 
ADVISORY COMMITTEE TO REAL ESTATE COMMITTEE 


Cleveland Dodge Herbert Hoover 
Paul D. Merica 


THE ENGINEERING FOUNDATION 
W. M. Peirce, ’52 
agher, ex officio as Pres., U. E. T. 
RESEARCH PROCEDURE COMMITTEE 
E. R. Kaiser 


ENGIMEERING SOCIETIES LIBRARY BOARD 
James L. Head, '51, Chairman 


Frank T. Sisco, '54 M. B. Gentry, '52 
AMERICAN STANDARDS ASSOCIATION 
MINING STANDARD/ ZATION CORRELATING COMM/TTEE 
Otto Herres, ’51 h. H. 


B. F. Tillson, °52 
E. W. Bullard, ’51 Alternate 


Otto, "51 


SECTIONAL COMMITTEE 852: L. A Danse 


COMMITTEE FOR REVISING RULES FOR 
EQUIP. IN METAL MINES 
Graham Bright 


SECT 1 ONAL 
INSTALLING ELEC 
A C. 


Stevenson 
COMMITTEE ON DEEP WELL VERTICAL 
J. A. Barr 


SECT /ONAL 
PUMPS 


WATIOWAL RESEARCH COUNCIL, DIVISION OF 
ENGINEERING AND INDUSTRIAL RESEARCH 


Oliver C. Ralston 


JOHN FRITZ MEDAL BOARD OF AWARD 


Erle V. Daveler, ’51 
W. E. Wrather, '52 


L. E. Young, *53 
D. H. McLaughlin, '54 


HOOVER MEDAL BOARD OF AWARD 


Scott Turner, '56, Chat rman 
Cadwallader Evans, Jr., '52 
Paul D. Merica, *54 


ALFRED NOBLE PRIZE COMMITTEE 
J. BR. Van Pelt, Jr., ‘51 


JOSEPH A. HOLMES SAFETY ASSOCIATION 
S. H. Ash 


WASHINGTON AWARD COMMISS!ION 


Howard A. Herder, ‘51 T. S. Washburn, ‘52 


ENGINEERS JOINT COUNCIL OF FOUNDER SOCIETIES 


Clyde Williams L. 
Head, Alternate 
President AIME, ex officio 
Secretary AIML, ex officto 


E. Young 

James L. 
WwW. M. 
E. H. 


Peirce, 


Robie, 


EJC COMMITTEES 


INCREASED UNITY OF THE ENGINEERING PROFESSION 


James L. Head 


NATIONAL ENGINEERS 


Julian Conover M. S. Jameson 


ENG INEEF IOPERATING IN MEDICAL RESEARCH 


E. M. Wise 


NTERNATIONAL RELAT/ONS 
Duce Cc. 
E. H. Robie 


A: % W. Wright 


LABOR LEGISLATION 
F. B. Foley 


WST/TUTION AND BY-LAWS 
J. L. Head 


NATIONAL WATER POLICY 


F. L. Clark 
SPECIAL SURVEYS 
M. D. Cooper 
ENGINEERS IN CIVIL SERVICE 
W. H. Wagner 








OFFICIAL AIME REPRESENTATIVES 


1951 


DEPARTMENT OF DEFENSE 
H. G. Moulton 
ENGINEERING MANPOWER COMMid/ SS /ON 
George Corless Max Lightner 
H. J. O’Carroll 
E. H. Robie, Secretary AIME ex officic 


John Church 


ENGINEERING SCIENCES 


A. M. Gaudin R. M. Brick 


ENGINEERS COUNCIL 
FOR PROFESSIONAL DEVELOPMENT 
J. R. Gadworth, ‘'53 C. E. Lawall, *5] 
Curtis L. Wilson, *52 


COMMITTEES 
ECPO TRAINING 
D. BR. McKeithan, Oct 
EDUCAT/ ON 
Gurtis L. Wilson, Oct 
RECOGN 1! T1OQN 
Robert L. Hallett, Oct 
GUIDANCE 


H. C. Woods 


JOINT COMMITTEE ON 
ENGINEERING SOCIETIES MONOGRAPHS 
Reed W. Hyde, Oct. '51 
Francis B. Foley, ex officio as Chairman 
Technical Publications Committee, Oct. '51 


ENGINEERING INDEX, INC. 


Frank T. Sisco, ‘55 


COUNCIL OF THE 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE 


W. M. Peirce, ’52 C. Baldwin Sawyer, °52 


AMERICAN DOCUMENTATION INSTITUTE 


Francis B. Foley, Jan., '53 


AMERICAN GEOLOGICAL INSTITUTE 


A. Rodger Denison, Nov. '51 
J. L. Gillson, Nov. '52 








PROFESSIONAL BRANCHES AND DIVISIONS 
OFFICERS AND COMMITTEES 


1951 
BRANCH COUNCILS 


MINING BRANCH 


R. M. Foose, Chairman (Industrial Minerals) Carroll A. Garner (Coal) 
J. V. Beall, Bastern Secretary A. B. Cummins (Industrial Minerals) 
R. E. O’Brien, Western Secretary E. D. Gardner (Mining, Geology, and Geophysics) 
Carroll F. Hardy (Coal) Philip J. Shenon (Mining, Geology, and Geophysics) 
R. E. Byler (Minerals Beneficiation) A. C Callen (Mineral Industry Education) 
Grover J. Holt (Minerals Beneficration! R. J. Lund (Mineral Economics) 


METALS BRANCH 


C C. Long, Chairman R. M. Brick (Institute of Metals) 
Ernest Kirkendall, Secretary Oliver Ralston (Extractive Metallurgy) 
H. K. Work (Jron and Steel) T. L. Joseph (Iron and Steel) 
M. Gensamer (Institute of Metals) D. S. Eppelsheimer (Mineral Industry Bducation) 


Evan Just (Mineral Economics) 


PETROLEUM BRANCH 
EXECUTIVE COMM/TTEE 


Richard W. French, Chairman Harold Decker 
John E. Sherborne, Past Chairman R. C. Earlougher 
Paul R. Turnbull, Vice-Chairman John R. McMillan 
Lincoln F. Elkins, Vice-Chatrman 

R. E. Heithecker, Treasurer John S. Bell 
Dean H. Sheldon Thomas C. Frick 


Harry H. Power (Mineral Industry Education Division) 


R. J. Lund (Mineral Economics Division 


INSTITUTE OF METALS DIVISION EXECUTIVE COMMITTEE 


Ferrous and Nonferrous Physical Metallurgy J. B. Austin '54 W. R. Hibbard, Jr. '54 
W.M. Baldwin, Jr. '53 B. R. Queneau °52 
FP. A. Beck ’53 C. H. Samans ’54 
Established as a Division April 26, 1918 M. Cohen '52 J. S. Smart, Jr. ‘52 
R. M. Brick, Chairman A. Squire '53 
M. Gensamer, Past Chairman 
W. A. Dean, Sentor Vice-Chairman 
J. H. Scaff, Vice-Chairman 
H. A. Maloney, Treasurer M. Gensamer, Chairman 
Ernest Kirkendall, Secretary A. A. Smith F. N. Rhines 
West 39th St., New York 18, N. Y. C. E. Swartz E. E. Schumacher 


NOMINATING COMMITTEE (1 yr.) 








PROFESSIONAL BRANCHES AND DIVISIONS 





FINANCE COMMITTEE (1 yr. 
R. F. Miller, Chatrmar 
J. D. Hanawalt K. R. 


Irving Kramer 


ANNUAL LECTURE COMMITTEE 

E. E. Schumacher, Chairman 

E. H. Dix, Jr. = & 
O. T. Marzke A. J. 


(lyre) 


Mat hewson 


Phillips 


MATHEWSON MEDAL COMMITTEE 


Cc. E. n 
M. Bever . S. Smart, Jr. 
W. S. 


Nelson, 


W. A. Johnson Pellini 


DATA SHEET COMMITTEE (i yr.) 


E. N. Skinner, Chairman 
A. I. Blank A. U. Seybolt 
R. M. Brick D. W. 
F. N. Rhines 


Smith 


J. S. Smart, Jr. 


PUBLICATIONS COMMITTEE 
(Appointed Oct. 15, 1950 for one year.) 

F. N. Rhines zirmar 
W. M. Baldwin, Jr. B. W. 
C. S. Barrett H. H. 
P. A. Beck . Hibbard, Jr. 
Morris Cohen J. M. Hodge 
L. S. Darken J. R. Low, Jr. 
Ww. L. Fink R. B. Mears 
A. H. Geisler T. A. Read 


Gonser 


Hausner 


MEMBERSHIP COMMITTEE 


(Terms expire February of year indicated.) 


W. J. Harris, Chairman '52 
John Nielsen, Vice-Chairman °53 
L. Averbach '54 R. 
B. Brooks '53 H. S. 
. E. Rurke '53 J. M. 
A. Caldwell '52 R. Maddin ‘5 
- Carapella '54 F. R. Morral '5 
- Christensen '52 R. A. Quadt 
+ Finch °53 O. C. Shepard 
+ Fullman '54 J. K. Stanley '5 
. Gonser '53 A. M. Talbot 
. Herzig *53 L. W. Thelin ’ 
. Hone *53 S. F. 


Hultgren 'S 


Jerabek 
Kiefer ‘5 


Urban ’ 


PROGRAMS COMMITTEE 
(Terms expire February of year indicated.) 


P. A. Beck, 


Chatrman '52 
M. Cohen, Vice-Chairman '52 

J. H. Seaff, Vice-Chatrman '52 
. S. Eppelsheimer, Vice Chairman 

G. Cover, Vice-Chairman '52 

R. D. Chapman, Vice-Chairman *S4 

J. Fraser ’52 Vern Pulsifer '53 
- Halliwell °53 A. U. Seybolt °54 
- Hawkes °54 A. J. Smith °52 
. Kahlas ‘52 Ray Ward ‘53 
. Linsmayer '54 H. L. Walker °54 
Woodard '54 


*c9 


- Leontis "52 Dd. 
Otto Zmeskal '54 


POWDER METALLURGY COMMITTEE 
J. J. Cordiano, Chatrman '53 
F. V. Lenel, Past Chatrman '52 
J. C. Redmond, Vice Chatrman '52 
J. F. Kuamick, Vice-Chairman & Secretary 
R. S. Busk °54 G. A. Roberts 
Pol Duwez °54 K. H. Roll 
H. H. Hausner '54 J. F. 
O. C. Johnson '53 Amos Shaler 
. P. Koehring '52 R. Steinitz 
K. M. McElwain '52 E. F. 


Sachse 


Swazy 


PETROLEUM DIVISION 


Established as a Division March 24, 1922 


Richard W. French, 

Paul R. 
Lincoln F. Elkins, Vice-Chat 

R. E. Heithecker, Treasurer 

Joe B. Alford, Exec 
408 Trinity Universal Bldg., Dallas, Texas 


Chatrman 
Turnbull, Vice-Chatrman 


rman 


uttve Secretary 


EXECUTIVE COMMITTEE 


For Executive Committee see Branch Council 
Page IX 


EDITORIAL BOARD 
John E. Sherborne 
Thomas C. Frick 
Richard W. French 





PROFESSIONAL BRANCHES AND DIVISIONS 





ECONOMICS COMMITTEE 


EDUCATION COMMITTEE 


John C. Calhoun, Jr. Harry H. Power 


PRODUCTION REVIEW COMMITTEE 
E. W. Berlin, Chairman 
A. H. Chapman, Vice-Chairman, Foreign 
RK. B. Gilmore, Vice-Chairman, Domestic 
L. W. Chasteen Raymond M. Larsen 
G. E. Eddy John A. Murphy 
Gordon H. Fisher Milton Williams 
John K. Wright, Jr. 


TECHNOLOGY COMMITTEE 
Earl M. Kipp, Chatrman 


Everett G. Trostel, Vice Chairman for Gas 
Henry L. Waskowski, 
Vice-Chairman for Production 
Jack H. Abemathy, 


Vice-Chairman for Drilling 


MEMBERSHIP 


Jack H. Beesley, Chairman 


PUBLICATIONS 
J. M. Bugbee, Chatrman 
John P. Hammond, Vice-Chairman 


Rupert C. Craze C. F. Redmon 
Dan L. Marshall Walter Rose 


NOMINATING 


John E. Sherborne, Chairman 
R. M. Churchwell Paul E. Fitzgerald 
Harold - Decker Fred E. Simmons, Jr. 


PACIFIC PETROLEUM CHAPTER 
Basil Kantzer, Chairman 
Ray A. Hancock, Secretary—Treasurer 
H. Dykstra, Corresponding Secretary 
R. Grog, Coresponding Secretary 
Councilors 
L. W. Chasteen 
C. BR. Dodson 


H. E. Schaller 
F. L. Wadsworth 
HK. L. Parsons, Sr. 


Committee Chairmen 
Paul Andrews, Student Acttvitte 
Kenp E. Barley, Exhibit, 1951 Fa 
W. T. Cardwell,Jr. Petroleum Techno! 
Wayne Glenn, Program, 1951 Fall 
M. D. Hughes, Freld Trip 
M. E. 
K. B. McNamara, 
E. R. Smith, 
C. P. Watson, 


Meeting 
gy rorum 


Meeting 


Loy, Luncheon Meeting 
, & 
Dinner Dance 
Membershit 


Venerat 


Junior Group 
H. E. 
D. B. O'Neill, Jr., Se 


Nissen, 


LAGtirman 


retary 


San Joaquin Valley Sub-Section 


D. G. Kingman, Chairmar 


Wyoming Petroleum Chapter 

R. M. Churchwell, 
Sidney B. First 
Raymond M. Larsen, Sec 
George L. 


‘ha trman 


Richards, Vice-Chairman 


nd Vice-Chatrman 


Goodin, Secretary—Treasurer 


|}RON AND STEEL DIVISION 


Established as a Division February 22, 1928 


Sa Be 
H. K. 
. B 
w. C. 
gc. it. 


Joseph, 
Work, Fast 


Austin, 


hatrman 
hairmar 
Vice 


Katto, Vice 


hatrman 
Chairman 


Miller, Vice-Chairman 


EXECUTIVE COMMITTEE 
J. A. Bowers R. W. Campbell 
Walter Carrol! K. L 
D. L. McBride G. 
W. O. Philbrook D. 


. Fetters 
B. McMeans 
T. Rogers 


Ex officiis 
A. H. Sommer E 
T. J. McLoughlin 


. K. Miller 





PROFESSIONAL BRANCHES AND DiVISIONS 


Xt 





Programs Committee 


Walter Crafts, Chairman 
B. RB. Queneau, Vice-Chairman 
J. B. Austin W. O. Philbrook 
M. W. Lightner O. BR. Rice 
D. R. Loughrey A. H. Sommer 
Gordon McMillan M. Tenenbaum 


Technical Publications 

F. M. Washburn, Chairman 
A. G. Forrest 
Myron Jones 


Earl Pierce 


M. Tenenbaum 
T. F. Plimpton 
Otto Zmeskal 


Howe Memorial Lecture 


T. L. Joseph, Chairman 
F. B. Foley ? H. W. Graham * 
L. F. Reinartz * E. C. Smith 


Robert W. Hunt Medal and Prize 


T. L. Joseph, Chairman ? ; 
King ~ 
S. Marsh 


Same! Epstein ” Cc. D. 


H. W. Johnson * J. 


J. E. Johnson, Jr. Award 


Paul R. Nichols, Chat rman 
H. F. Dobscha ” 
B. J. Frost 


Kurt Neustaetter 
Leonard J. Tofft 


Membership 
Hugo E. Johnson, Chai rman 
H. H. Blosjo J. J. Golden 
K. P. Campbell V. Jones 
Gordon Eaton W. J. Reagan 
W. M. Farnsworth L. E. Riddle 
R. B. Freemann J. M. Stewart 
E. J. Gardner M. Tenenbaum 
A. W. Thornton 


Nominating 
H. K. Work, Chairman 
L. F. Reinartz 
E. C. Smth 


1952 
4955 


Terms Expire in Feb. (4) 
(2) 1953; (3) 1954; (4) 


Commi ttee 
Executive Committee 


T. J. McLoughlin, Chai rman 

J. A. Bowers, Past Chairman 

Ernest Kirkendall, Secretary 
. Blosjo Charles Locke 
. Briggs M. J. Meinen 
- Gill C. E. Sims 
- Goetz C. F. Staley 

H. F. Walther 


Electric Furnace Steel 


Conference Committee 


R. H. Frank, Chairman 

W. M. Farnsworth, Vice-Chairman 

Ernest Kirkendall, Secretary 
Samel Arnold, III F. O. Lemmon 
J. H. Baldrey J. S. Marsh 
J. Alfred Berger Cc. G. Mickelson 
Gerhard Derge Cc. B. Post 
J. H. Eisaman Gilbert Soler 
R. H. Jacoby G. T. Stowe 
John Juppen| at z Clyde Wyman 


Finance 
R. K. Kulp, Chairman 
W. M. Charman, Jr. 
. J. Nolan 


H. E. Orr 
R. E. Rielly 


Loca! Committee on Arrangements 


A E. Bickell, Chatrman 
R. W. Crozier T. M. Walton, Jr. 
. G. Seanor Robert Watson 


Coke Oven and Raw Materials 
Commi ttee 
E. K. Miller, Chat rman 
S. Naismith, Vice-Chairman 
C. C Russell, Vice-Chairman 
Kurt Neustaetter, Secretary 


Blast Furnace, 


PROGRAM SUB-CObMid/ TTEE 


H. P. Saxer, Chairman 
R. P. Liggett 
W. E. Marshall 
M. F. Morgan 


. Baer 
. Cavett 
. Holman 


FINANCE SUB-COMM/TTEE 


R. S. Carey, Chairman 


3. Greenwood 
. Murray 


V. J. Nolan 
H. A. White 
Britt Day 





Xttl 
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Open Hearth Stee! Committee 
A. H. Sommer, Chairman '52 
H. M. Griffith, Past Chairman '53 
J. J. Golden, Vice-Chairman '54 
Ernest Kirkendall, Secretary—Treasurer 
L. R. Berner '53 V. W. Jones ‘55 
G. M. Burrier '53 A. C. Keller "52 
C. E. Carr ’55 D. R. Mathews '53 
T. A. Cleary °52 A. W. Thornton ‘52 
A. F. Franz '53 F. L. Toy °52 
H. G. Grim ’55 H. J. Walker '55 
C. F. Henzelman '53 Clyde Williams '53 


Physical Chemistry of Steelmaking 


M. Tenenbaum, Chatrman 

C. R. Taylor, Secretary 
« Babcock A. G. Forrest 
. Birch D. J. Girardi 
- Boulger N. J. Grant 
. C. Buehl D. C. Hilty 
S. Darken C. G. Hogberg 
rhard Derge Shadburn Marshall 
. G. Ekholm D. L. McBride 
|. B. Emerick John Pollack 


PP 
am 


PT? 


=e 


T. B. Winkler 


Bessemer Steel 


A. B. Wilder, Chatrman 

. J. Cresswell D. RB. Loughrey 

. J. Dougherty W. G. McDonough 

. C. Dunkle E, B. Penrod 

i 
Ww. 
R. 


Fetters E. B. Story 
Graham F. L. Toy 
Holstein G. M. Yocum 


COAL DIVISION 
Established as a Division September 20, 1929 


Carroll A. Garner, Chairman, Vice-President 
Jeddo-Highland Coal Co., Jeddo, Pa. 


A. Lee Barrett, Chairman-£lect 


David R. Mitchell, Secretary-Treasurer 
Professor of Mining, Pennsylvania State 
College, State College, Pa. 


EXECUTIVE COMMITTEE * 


Until February 1952 Until February 1953 
George E. Keller Henry Dierks 
Ralph E. Kirk Claude P. Heiner 
W. Julian Parton Richard H. Swallow 


Until February 1954 
S. M. Cassidy 
Nelson L. Davis 
J. T. Ryan, Jr. 


* The Executive Committee consists of the 
Officers, Chairmen of Committees, and nine 
elected members. 


Mining 


J. W. Woomer, Chairman 


Anthracite Mining Methods Sub-Committee 


E. G. 
Andrew Allan, Jr. 
David Crawford 
John M. Humphrey, Jr. 
Edward T. Powell 


Fox, Chairman 

Earl W. Lamb 
Harry W. Montz 
Walter Petzold 


Bituminous Mining Methods Sub-Committee 


D. L. McElroy, Chairman 
Samuel M. Cassidy James C. Gray 
J. F. Gore James Dunn Reilly 
D. H. Dowlin David Kachik 
Erwin Gammeter W. L. Wearley 
A. R. Werft 


Anthracite Open Pit Mining Methods 
Sub-Committee 
Clark, Chatrman 
Charles T. Butler A. F. Hutcheson 
William B. Geise F. Edgar Kudlich 
Willis C. Schlaseman 


George J. 


Bituminous Open Pit Mining Methods 
Sub-Committee 
T. C. Cheasley, Chairman 
William L. Rurt A. R. Matthews 
Walter B. Roe 


Safety and Ventilation Sub-Committee 


C. M. Donahue, Chairman 
George T. Gillison Frank J. Peternell 
Stephen Krickovic Carl A. Peterson 
Raymond Mancha Cloyd M. Smith 


Maintenance Sub-Committee 


Joseph F. Mazza, Chairman 
Ralph C. Beerbower R. Glenn Lazzell 
A. W. Bitner C. D. Rubert 
W. M. Calder J. E. M. Wilson 
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Preparation 


W. Julian Parton, Chairman 


Drying Methods Sub-Committee 
James Merle, Chairman 
H. Wn. Ahrenholz George W. Jones 
Chas. C. Boley V. F. Parry 
F. P. Calhoun Russel! Wilmot 


Laning Dress R. E. Zimmerman 


Fine Coal Cleaning Methods Sub-Committee 
George H. Kennedy, Chairman 
William M. Bertholf B. W. Gandrud 
James Blair John Griffen 
George H. Chapman H. R. Hagen 
H. B. Charmbury James Hannigan 
W. L. Dennen S. A. Stone 
Gerard C. Gambs Wm. T. Turrall 


Dense Medium Processes Sub-Committee 
Jacques M. Vonfeld, Chairman 
Nelson L. Davis J. D. Martin 
A. W. Gaber Wm. McMorris 
T. W. Guy H. R. Randall 
R. E. Joslin G. B. Walker 


Utilization 
J. F. Barkley, Chairman 


Combustion Sub-Commi ttee 


Eugene D. Benton, Chairman 
Carroll F. Hardy J. H. 
Wilbur C. Helt Charles H. Sawyer 
Howard A. Herder 
Raymond C. Johnson 


Kerrick 


Theodore S. Spicer 
Robert L. Sutherland 


Carbonization Sub-Committee 

Frank H. Reed, Chairman 
Robert W. Campbell E. J. 
Joseph D. Davis Charles C. 


Gardner 
Russell 


Gasification Sub-Committee 

C. C. Wright, 
Thomas C. Cheasley 
George D. Creelman 


Chatrman 
John Mitchell 
Lawrence D. Schmidt 


Hydrogenation Sub-Committee 


J. D. Doherty, Chatrman 
. Murphree A. R. Powell 
Joseph Pursglove, Jr. 


Won-Fue!l Uses Sub-Committee 
H. H. Lowry. Chairman 


. Charmbury E. R. Kaiser 
. Johnson C. A. Reed 


Air Pollution Sub-Committee 


H. F. Hebley, Chatrman 
. Doherty L. C. McCabe 


. Finn H. P. Munger 
W. A. Schmidt 


Program 
Orville Lyons, Chairman 
Ralph B. Textor, Co-Chairman 


W. Julian Parton 
J. W. Woomer 


John F. Barkley 


Publications 
H. P. Greenwald, Chairman 
D. H. Davis Carroll F. Hardy 
Raymond C. Johnson H. J. Rose 
G. A. Shoemker James A. Younkins, Jr. 


Membership 


Ralph G. Spindler, Chairman 
Arthur Bradbury Harry G. Kennedy 
M. D. Cooper H. E. Mauck 
Nelson L. Davis D. R. Schooler 
J. H. Fulford James W. Stewart 
John T. Griffiths W. L. Wearly 
Charles T. Holland Harold B. Wickey 
Albert M. Keenan H. F. Yancey 


Student Interest and Welfare 
M. D. Cooper, Chairman 
A. C. Callen D. L. McElroy 
L. I. Cothern E. R. Price 
S. J. Craighead G. R. Spindler 
Cadwallader Evans, Jr. J. W. Stewart 
Richard Maize H. L. Walker 
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Nominating 


Clayton G. Ball, Chairman 
Carroll F. Hardy D. R. Mitchell 


Percy Nicholls Award 


H. P. Greenwald, Chairman ‘51 
Thomas Cheasley ‘54 J. B. Morrow °53 
E. R. Price ‘SS A. W. Thorson ‘52 


Coal Economics 
R. M. Fleming, Chairman 
R. L. Anderson K. L. Marshall 
R. P. Bremner J. W. Morgan 
H. V. Brown R. G. Pfahler 
John Buch C. A. Peterson 
Gerard C. Gambs John P. Weir 
G. B. Gould H. B. Wickey 


Joint Meeting 
Carroll F. Hardy ’51 (ASME), Chairman 
Elmer R. Kaiser '52 (AIME) 
George Keller '54 (AIME) 
A. W. Thorson ’53 (ASME) 


MINERAL INDUSTRY EDUCATION DIVISION 
Established as a Division January 15, 1932 


Allison Butts, Chatrman 
H. H. Power, Vice-Chairman 
J. D. Forrester, Secretary 


Executive Committee 
Until 1953 
J. D. Forrester 
J. P. Spielman 
J. W. Stewart 


Until 1952 

R. T. Gallagher 

T. L. Joseph 

B. H. Parker 
Until 1954 
R. M. Brick 
G. B. Clark 
E. H. Wisser 

C. L. Wilson, Past Chairman 


Programs and Meetings 
D. S. Eppelsheimer, Chairman 
Cc. F. Barb Carl Tolman 
J. B. Macelwane M. D. Cooper 


Petroleum Engineering Courses 

AR. L. 

W. F. Cloud J. 
C. R. Dodson 


Whiting, Chatrman 
I. Laudermi lh 
C. F. Weinaug 


Industrial Minerals and Ceramic Courses 
C. S. Crouse, Chairman 
A. F. Greaves-Walker 
D. W. McGlashan 


A. M. Short 


Publications 

Cc. &. 
T. L. Joseph 
W. B. Plank 


Behre, Chatrman 
H. H. Power 
A. W. Schlechten 


Graduate Study 


H. L. Walker, Chatrman 
A. B. Stevens 


N. H. Manderfield 


Mining Courses 
J. W. Stewart, Chairman 
G. T. Bator M. D. Cooper 
S. Boshkov G. B. Clark 


Metallurgy Courses 
E. A. 
P. E. Kyle 
J. P. Nielsen 


Peretti, Chatrman 
A. J. Thompson 
G. R. Van Duzee 


Geology Courses 
J. W. Vanderwilt, Chatrman 
H. R. Gault R. W. Brown 
Justin Zinn Edward Sampson 


Mineral Dressing Courses 

oO. C. 
S. R. B. Cooke 
E, Martinez 


Shepard, Chatrman 
H. G. Poole 
R. E. Zimmerman 


Geophysics Courses 
H. W. Straley, III, Chairman 
F. M. Van Tuyl G. P. Woollard 
R. M. Tripp E. F. Stratton 
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Latin-American Education Relations 
Edward Steidle, Chairman 


Fox L. C. Schroller 
Thomas C. W. Wright 


Mineral Economics Education 

R. D. Parks, Chairman 
Levorsen A. K. 
. Yuster P. M. 


Sne igrove 
Tyler 


Employment Conditions for 
Mineral Engineers 


C. J. Christensen, Chairman 
. Donaldson W. E. Milligan 
. Gruenfelder H. V. White 


Registration of Engineers 


W. R. Chedsey, Chairman 
Barker H. 


Membership 


H. H. Power, 


FACULTY SPONSORS OF TUDENT 


Liat rman 


Nominations 
C. L. Wilson, Chairman 
. Callen A. F. Greaves-Walker 
- Cudworth E. A. Holbrook 


College Enrollment Statistics 
W. B. Plank, Chai 


rman 


INDUSTRIAL MINERALS DIVISION 
(WONMETALLICS) 


Established as a Division March 5, 1935 


A. B. Cummins, Chairman 
Harold M. Bannerman, Eastern Vice-Chairman 
Thanas L. Kesler, Southeastern Vice-Chairman 
Eugene Callaghan, Rocky Mountain Vice-Chatrmar 
A. O. Bartell, western Vice-Chairman 
G. F. Jenkins, Canadian Vice-Chairman 
D. G. Runner, Secretary—Treasurer 
U. S. Bureau of Mines, Washington 25, D. C. 


Executive Committee 
Until February 1952 
Richard M. Foose 
G. W. Josephson 
John D. Sullivan 


Until February 1953 


Tan Campbe11 
Joseph Lincoln Gillson 
Stanton Walker, 
Until February 1954 
James A. Barr, Sr. 
Robert H. Dott 
G. Richards Gwinn 


COMMITTEE CHAIRMEN 
Papers and Programs 
Charles H. Moore, Jr., Chatrman 
F. Sommer Schmidt, Western Vice-Chatrman 
John Francis Havard 
James S. Machin 
Thomas L. Kesler 


Robert B. Sosman 
Willis Perry Mould 
Will Mitchell, Jr. 
John A. Brown G. W. Josephson 
John G. Broughton Joseph Lincoln Gillson 

Percy E. Landolt 


Auxilliary Publications 

Allan F. Matthews, Chairman 
Harold M. Bannerman Howard I. Smith 
R. Wellington Smith James A. Barr 


Membership 
John D. Sullivan, Chairman 
Sheldon L. Glover, Western Vice-Chairman 
Richard M. Foose Stanton Walker 
G. W. Josephson James A. Barr, Sr. 
Tan Campbe 11 Robert H. Dott 
Joseph Lincoln Gillson G. Richards Gwinn 


Nominating 


Richard M. Foose, Chairman 
Howard A. Meyerhoff 
Joseph Lincoln Gillson 
Oliver C. Ralston 
Richard Wellington Smith 


1951 Fall Meetings 
A. B. Cummins, Chairman 
Ian Campbell, Western Vice-Chairman 
Paul H. Price John C. Ludlum 
John A. Wood Ralph S. Mason 
Hugh Sweyn Spence Lauren A. Wright 
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Milling Methods 


Will Mitchell, Jr., Chairman 
Walter E. Duncan, Vice-Chairman 
William T. Bishop 
Kenneth C. Vincent 
Roger L. Fisk 


Allen T. Cole 
Chester D. Rugen 
Cc. B. Harris 


Mineral Aggregates 


John A. Brown, Chairman 
Robert G. Lassiter, Zastern Vice-Chairman 


Mineral Economics 


G. W. Josephson, Chatrman 
L. A. Norman, Jr., Western Vice-Chairman 


Mining Geology 


John G. Broughton, Chatrman 
F. W. Libbey, Western Vice-Chairman 


Mining Methods 


Joseph Lincoln Gillson, Chairman 
W. A. Allen Nelson Severinghaus 
Thomas L. Carey John Francis Havard 
G. G. Schuknecht Ben K. Miller 
Carl J. Traverman Milton D. Moore, Jr. 
Bernard Mander field 


Cement, Lime and Gypsum 
John Francis Havard, Chatrman 
Orville E. Jeck, Western Vice-Chairman 
Carl F. Clausen 
Claiborne C. Van Zandt 


Irving Warner 
Bror Nordberg 


Ceramic Materials 
Robert B. Sosman, Chatrman 
William O. Brandt, Western Vice—Chatrman 
Miro Mihelich Blandford C. Burgess 
R. B. Carothers T. A. Klinefelter 
Harley C. Lee Joseph A. Pask 


Chemical Raw Materials 
James S. Machin, Chairman 
George D. Dub, Western Vice-Chairman 
James R. Cudworth Lawrence D. Schmidt 
Glenn S. Wilder Julian Boyd 


Dimension Stone and Slate 


Willis Perry Mould, Chairman 
Richard Henry Jahns, Western Vice-Chairman 
Ralph Andrew Fletcher 
Oliver Bowles 
G. M. Schwartz 
G. W. 


Pierre de Vitry 

W. F. Mullen 
Ernest F. Bean 
Howard A. Meyerhoff 


Josephson 


Fillers, Fibers, and Pigments 


Thomas L. Kesler, Chairman 
Charles A. Stokes, Fastern Vice-Chairman 
Oliver Bowles John W. M. Scott 
Michael J. Messel Robert H. Dott 
John E. Boyd Lincoln T. Work 


Rare Minerals 


Percy E. Landolt, Chairman 
Stephen M. Shelton, Western Vice-Chairman 
Ross J. Beatty, Jr. Roland Dane Parks 
Fremont F. Clarke Leo S. Wise 


1951 Divisional Meetings 
A. B. Cummins, Chatrman 
Ian Campbell, Western Vice-Chairman 
Paul H. Price John A. Wood 
Hugh Sweyn Spence John C. Ludlum 
Ralph S. Mason Lauren A. Wright 


Nominating 
Richard M. Foose, Chatrman 
Howard Meyerhof f Joseph Lincoln Gillson 
Oliver C. Ralston Richard Wellington Smith 


MINERALS BENEFICIATION DIVISION 
Established as a Division February 16, 1948 


Raymond E. Byler, Chairman 
E. H. Crabtree, Jr., Associate Chairman 
Donald W. Scott, Regional Vice-Chairman 
Stanley D. Michaelson, Regional Vice-Chatrman 
Grover J. Holt, Last Past-Chairmn 
Will Mitchell, Jr., Secretary—Treasurer 
Basic Industries Research Lab., 
Allis-Chalmers Manufacturing Co., 
Box 512, Milwaukee 1, Wis. 
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COMMITTEES 


Nominating 
T. B. Counselman, Chairman 
Grover J. Holt E. H. 
F. M. Jardine John F. 


Swain Joseph Swainson 


Rose 
Myers 


Education 
H. Rush Spedden, Chairman 
S. R. B. Cooke Frank R. Milliken 
Fred D. DeVaney Albert W. Schlechten 
F. M. Lewis 


William T. Turrall 


Guy V. Woody 


Membership 


Stephen E. Erickson, 
S. R. B. Cooke, Vice 
Stuart A. Falconer, Vice+ 
Nicholas H. Manderfield, Vic 
D. N. Vendensky, Vice-Chat 
Robert A. Blake 
Charles Henry Curtis 
J. L. Weaver 


Melvin A. Cook 


Thomas M. Morris 


Papers and Publications 
M. D. Hassialis, Ch 
S. R. B. Cooke 
*. M. Lewis 


i1ston 


Stanley D. Michaelson 
Thomas M. Morris 


H. Rush Spedden 


Program 


E. H. Crabtree, Jr., Chairman 
William B. Stephenson, Vice 1a trman 
James J. Bean 


James H. Jacobs 


F. M. Hamilton 
John C. Lokken 
R. J. Russell B. 


. Weaver 


Symposium 
Norman Weiss, Chatrmar: 

H. Rush Spedden, Vice—Chat rman 
Nathaniel Arbiter Nathan M. Levine 
Paris V. Brough Mellen 

Lawrence Herman Lange 


Ronney J. 


Concentration 
John C. Lokken, 
Stuart R. Zinmerley, Vice-Chairman 
James A. Barr, Jr. Romney J. Mellen 
Godfrey B. Walker 


LAGtirman 


Crushing and Grinding 
Pobert J. Fussell, Chairman 
M. D. Hassaialis, Vice Chairman 
Hubert Raymond Banks Frank M. McKinley 
Fred C. Bond Kenneth Alfred Schellinger 
James I. Craig Clarence G. Willard 
Howard M. Zoern 


Materials Handling 
William B. Stephenson, Chatrman 
J. Walter Snavely, Vice-Chairman 
P. G. Kihlstedt William S. Springer 
Frederick C. Green 
Operating Control 
James J. Bean, Chatrman 
James E. Lawyer, Vice-Chairman 
Bunting S. Crocker Gerald M. Heslin 
Philip McGuire 


Pyrolysis and Agglomeration 
F. M. Hamilton, Chatrman 
Joseph C. Mead, Vice-Chairman 
Fred D. DeVaney Arthur F. Peterson, Jr. 
Robert E. Powers 


Solid-Fluid Separation 
J. L. Weaver, Chairman 
Elliott J. Roberts, Vice-Chairman 
Benjamin H. Cody Earl C. Herkenhoff 
Charles L. Sollenberger 


Solution and Precipitation 

‘Aatrman 

Sanford S. Cole, Vice 

Ernest Klepetko Waldemar P. Ruemmler 
Albert W. Schlechten 


James H. Jacobs, 


hatrman 


EXTRACTIVE METALLURGY DIVISION 
Established as a Division November 7, |948 
0. C. 


Cc Cc 
T. D. 


Ralston, Chairman 

Long, Past Chatrman 

Jones, Chatrman-elect 

Vice-Chatrmen 

C. W. Eichrodt, ’52 R. R. McNaughton, °53 
P. T. Stroup, *54 


Ernest Kirkendall, Secretary 
AIME, Room 905 
29 West 39th Street 
New York 18, N. Y. 
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. W. Gonser 


. F. Mondol fo 


. G. Fowler 
. H. Goodrich 
. Harms 


T. 


. A. Barr 
c. 


J 
R 
r 
L 
F; 


Executive Committee 
1953 


R. B. Caples 
A. C Loonam 


1952 


W. Schlechten 
1954 
R. D. Bradford 
L. P. Davidson 


Aluminum and Magnesium 


R. S. Sherwin, Chat rman 
H. W. St. Clair 
P. T. Stroup 


Cc. Byrmns 


T. E. Webb 


Copper and Nickel 


J. G. Leckie, Chairman 
R. Burns L. W. Kemp 
J. C. Kinnear, Jr. 
E. R. Lovell 
R. D. Parker 


Economics and Statistics 


Felix Wormser, Chairman 
J. D. MacKenzie 
P. D. Merica 
D. A. Rhoades 
(. N. Schuette 
G. M. Wiles 


Electrolytic Processes 


Stanislaus Skowronski, Chat rman 
P. R. Drummond, Vice-—chat rman 
C. L. Mantell 
W. L. Miles, Jr. 
A. J. Phillips 
A. D. Turnbull 
R. H. Waddington 
W. G. Woolf 


Hydrome tal lurgy 
H. A. Tobelmann, Chairman 


H. C. Kenny 
Charles Kettering 


H. Benedict 
. E. Byler 
G. Chapman H. E. Keyes 
. B. Clemmer F. W. McQuiston 
B. Counselman J. D. Sullivan 
. P. Davidson A. L. Ter-Braake 
rank Forward Jean Verdussen 
i. Woolf 


Lead and Zinc 


R. A Young, Chat rman 
Wallace G. Woolf, Secrétary 
R. D. Bradford Allen C. Jephson 
Emil J. Bruderlin Hugo L. Johnson 
E. H. Bunce T. D. Jones 
Russell B. Caples R. G. Knickerbocker 
Lyndal! P. Davidson Yurii E. Lebedeff 
T. Benson Gyles A. E. Lee, Jr. 
Raymond L. Hallows Carleton C. Long 
Herbert R. Hanley R. R. McNaughton 
J. Paul Harrison Milton M. Neale 
Carle R. Hayward Stanley Robson 
Harry Hey Blair L. Sackett 
W. T. Isbell Francis P. Sinn 
E. McL. Tittmann 


Membership 


R. D. Bradford, Chairman 

Hugo L. Johnson, Secretary 
. Barnard Cc. R. Kuzell 
. Bunce K. Harms 
. Feddersen A. W. Schlechten 
Long J. D. Sullivan 
Kinnear, Jr. F. P. Sinn 
. McNaughton R. A. Young 
. Neale S. R. Zimmerley 


Nominating 


J. D. Sullivan, Chat rman 
. Bradford B. W. Gonser 
. Caples A. C. Loonam 
. Davidson A. W. Schlechten 


Papers and Program 
P. T. Stroup, Chat rman 
S. Skowronski 
. Kellogg E. McL. Tittmann 
. Leckie H. A. Tobelman 
Felix Wormser 


. Gonser 


. Sherwin 


R. A. Young 


Physical Chemistry of Extractive Metallurgy 


H. H. Kellogg, Chat rman 
Nathaniel Arbiter, Vice-chatrman 
K. K. Kelley R. Schuhmann 
L. M. Pidgeon F. Stephens, Jr. 
P. T. Stroup 
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Py rome ta! lurgy 


E. McL. Tittmann, Chairman 
. Caples E. R. Marble 
:. Feddersen L. L. McDaniel 
. Goodrich R. R. McNaughton 
. I. Honeyman B. L. Sackett 
. Knickerbocker S. M. Shelton 


Technical Publications 

P. T. Stroup, Chat rman 

J. Glasser, ¥tce-chat rman 
Hunter Ss. 
. McNaughton . & 


J. Ravitz 
Sullivan 


Titanium and Uncommon Metals 


B. W. Gonser, Utat rman 
T. W. Lippert, Wce-chat rman 
. Barth M. J. Udy 
. Litton R. K. Waring 
- Spence F. S. Wartman 


MINERAL ECONOMICS DIVISION 


Established as a Division, December 15, 1948 


Richard J. Lund, Chat rman 
Charles H. Behre, Jr., Past Chairman 
Granville S. Borden, Vice-Chairman 

Julian W. Feiss, Vice-Chairman 
Robert P. Koenig, %tce-—Chat rman 
John H. Melvin, Secretary—Treasurer 
Ohio Geological Survey 
Dept. of Natural Resources 
Orton Hall, Ohio State University 
Columbus, Ohio 


EXECUTIVE COMMITTEE 


Until Feb. 1952 Until Feb. 1953 
Alan M. Bateman R. J. Bradley 
M. M. Leighton W. W. Mein, Jr. 
Arthur Notman Simon D. Strauss 

Until Feb. 1954 

Evan Just 
Fussell H. Rennett 
G. W. Josephson 


Committee Chairmen 


H. A. Meyerhoff - Foreign Minerals Policy 
John D. Sullivan 
Marketing, Use, and Substitution 
Richard J. Anderson - Membership 
Eugene Callaghan - Mineral Conservation 
Alan M. Bateman - National Security 
Charles H. Behre, Jr., - Nominating 
Evan Just - Papers and Programs 
Charles W. Merrill - Statistics 
Otto Herres - Tariffs and Subsidies 
M. D. Harbaugh - Taxation and Finance 
John Ames - Transportation 
Kenneth E. Hill - Auxiliary Publications 


MINERAL ECONOMICS 


G. W. Josephson, Chairman 
L. A. Norman, Jr., Western Vice-Chairman 
W. D. Holland Poole Maynard 
Willard E. Bauman Oscar M. Wicken 
Raymond B. Ladoo Paul M. Tyler 


MINING, GEOLOGY, and GEOPHYSICS 
D4VISION 
Established as a Division September 27, 1949 
E. D. Gardner, Chairman 
R. E. O’Brien, Secretary 
808 Newhouse Building 
Salt Lake City, Utah 


EXECUTIVE COMMITTEE 


E. D. Gardner, Chairman 
Vinton H. Clarke Donald M. Davidson 
J. K. Gustafson Herbert Hoover, Jr 
Sherwin F. Kelly Chas. A. R. Lambly 
Philip J. Shenon 


MINING SUBDIVISION 


E. D. Gardner, Chairman 
Vinton H. Clarke, Secretary 
Howe Sound Company 
730 Fifth Avenue 
New York 19, N. Y. 


COMMITTEES 


Executive 

E. D., Gardner, Chairman 

Vinton H. Clarke > 
Chas. A. R. Lambly 


Walter C. Lawson 
J. Murray Riddell 





PROFESSIONAL BRANCHES AND DIV{SIONS 





Alluvial Mining 


Charles M. Romanowitz, Chairman 
Clinton Bernard Vance R. Fenton 
Norman Cleaveland Raymond 'E. Franklin 
Franklin Farley Benere H. Grant 

Ernest Newton Patty 


Open Cut Mining 


J. Murray Riddell, Chairman 
Richard M. Belliveau Wm. H. Goodrich 
B. R. Coil Walter C. Lawson 
John P. Courtright C. E. McManus 
Edward J. Fearing L. F. Pett 
Edwin A. Friedman Lloyd J. Severson 

Dan S. Young 
Block-Caving 

Robert W. Hughes, Chairman 
John F. Buchanan Gerald Sherman 
M. Dean LaGrange, Jr. Robert W. Thomas 
F. S. MecNicholas H. Carroll Weed 

Randall H. Wightman 


Long-Hole Drilling and Sub-Level Caving 


John J. Curzon, Chairman 
Joseph P. Caulfield Olof V. Lindqvist 
Wm. P. Crawford Albert Mendelsohn 
Robert S. Douglas Philip D. Pearson 
John F. Dugan Harold J. Richards 
Harry L. Roscoe 


Top Slicing 


Roy A. Bowen, Chairman 
Lucien Eaton 
E. M. Norris 


C. W. Allen 
Robert W. Braund 


Room and Pillar or Stope and Pillar 


S. S. Clarke, Chairman 
Same] S. Arentz, Jr. Chas. A. R. Lambly 
C. Kremer Bain M. J. Langley 
Claude O. Dale Robert J. Linney 


Shrinkage and Square-Set Stoping 


J. B. Haffner, Chairman 
J. Edward Berg E. S. McGlone 
Sidney S. Goodwin Alexander J. M. Ross 
Arthur C. Hewitt T. Alfred Snedden 
J. R. C. Mann Aloys H. Wohlrab 


Cut and Fill Mining 


Herman J. Mutz, Chairman 

John D. McAuliffe 

Neil A. O’Donnell 
S. E. Quayle 
Ed. G. Ross 


John Edgar 

Waldemar A. Knol] 
Harry E. Krumlauf 
Wm. N. Matheson, Jr. 


Hoisting 
Harlan W. Walker, Chairman 
Joseph P. Caulfield Frederick C. Jaccard 
Darrell Gardner Herman J. Mutz 
Robert E. Hobart Russell S. Sage 


Chas. A. R. Lambly, Chairman 
C. R. Burton Lindsay M. Kinney 
Joseph R. Giegerich Stanley W. McDougall 
Paul Hett Randall T. Murrill 


Mechanical Loading and Conveying 
Lewis E. Young, Chairman 
C. Kremer Bain Donald E. Eilertsen 
Adolph W. Beck, Jr. Raymond D. Satterley 


S. S. Clarke Robert William Thomas 


Drainage 
Gloyd M. Wiles, Chatrman 
Alfred H. Bebee R. C. Mahon 
C. S. T. Farish H. J. Rahilly 
L. J. 


Drilling and Blasting 
Edward R. Borcherdt, Chairman 
Vinton H. Clarke Karl Victor Lindell 
George L. Craig H. Carroll Weed 


Exploration Drilling 
Robert D. Longyear, Chairman 
B. R. Goil Charles H. Johnson 
John J. Collins Philip J. Shenon 
Frank Ebbutt Frank C. Sturges 


Subsidence and Mechanics of Rock Structure 
Philip B. Bucky, Chatrman 

B. R. Coil Stephen Royce 

H. C. Livingston Lloyd M. Scofield 





PROFESSIONAL BRANCHES AND DIVISIONS 





Wominating 


J. Murray Riddell, Chairman 
William J. Coulter Frank A. Wardlaw 


Auxiliary Publications 
Ross D. Leisk, Chairman 
Malcolm C. Brown G. T. Harley 
John Edgar R. S. Hooper 
Rollin Farmin Robert W. Hughes 
Joseph C. Kieffer 


Papers and Program 
Eugene P. Pfleider, Chairman 
Tell Ertl 
Wm. H. Goodrich 
G. T. Harley 
J. W. mill 


Harold A. Krueger 
Edward H. Thaete, Jr. 
Lamar Weaver 

Randall H.. Wightman 


Membership 


Leland W. Walker, 
Jom J. Curzon 


Chat rman 


Philip R. Bradley, Jr. 


GEOLOGY SUBDIVISION 
Donald M. Davidson, Chairman 
Frederick M. Chace, Secretary 

U. S. Geological Survey 

Washington, 25, D. C. 


COMMITTEES 


Executive 
Donald M. Davidson, Chairman 
Frederick M. Chace J. K. Gustafson 
Allen Pinger Philip J. 


Shenon 


Nominating 
Thomas M. Broderick, Chatrman 
M. D. Harbaugh P.. S. 


Turneaure 


Auxiliary Publications 

Richard N. Hunt, 

Malcolm B. Kildale 
W. R. Landwehr 


Chatrman 
Harrison A. Schmitt 

Carl Tolman 
Ralph Tuck 


Papers and Program 


; George M. Schwartz, Chairman 
Arthur J. Blair F. S. Turneaure 
Harrison A. Schmitt Edward H. Wisser 


Membership 


Lee C. Armstrong, Chairman 
Robert F. Playter W. G. Stevenson 


GEOPHYSICS SUBDIVISION 


Sherwin F. Kelly, Chairman 
Hans Lundberg, Secretary 
Hans Lundberg, Ltd. 
Victory Building 
Toronto, Canada 


COMMITTEES 


Executive 


Sherwin F. Kelly, Chatrman 
Herbert Hoover, Jr. James B. MacElwane 
Hans Lundberg George P. Woollard 


Nominating 


H. W. Straley, III, Chatrman 


Albert J. Frank John J. Jakosky, Jr. 


Auxiliary Publications 


LeRoy Scharon, Chatrman 
Ross B. Heinrich Florence Robertson 
Daniel R. Stewart 


Papers and Program 


LeRoy Scharon, Chairman 
Kenneth L. Cook Harrison A. Schmitt 
Homer Jensen George P. Woollard 


Membership 


James B. MacElwane, Chairman 








OFFICERS AND COMMITTEES OF LOCAL SECTIONS 
1951 


COUNCIL OF SECTION DELEGATES 


F. W. Strandberg, Chairman 
R. D. Chapman, Vice-Chairman 
F. T. Moyer, Secretary 
EXECUTIVE COMMITTEE 


mg 
Smit 


L. Thiessen 
E. H. Wisser 


J. E. 
R. H. 


ALASKA 
ESTABL/SHED NOVEMBER 19, 4947 


Regular meetings fourth Monday of each month 
except June, and August 
Howard G. Wilcox, Chairman 
Les Nappe, Vice-Chairman 
Mihiel J. Thomson, Secretary-Treasurer 
Box 1170, Fairbanks, Alaska 


H. Strandberg, Section Delegate 


July, 


ARIZONA 
ESTABL/SHED JULY 1/0, 19/5 
Albert Mendelsohn, Chairman 
Wesley P. Goss, First Vice-Chairman 
Lyle M. Barker, Second Vice-Chairman 
John C. Loving, Secretary-Treasurer 
Cananea Consolidaded Copper Co. 
Cananea, Sonora, Mexico 


T. G. Chapman, Section Delegate 
Directors 


C. E. Mills 
J. B. Pullen 
J. A. Richards 
B. N. Rickard 


- Duff 
. Gardner 
- Garms 


. Lavender J 


H. Ruggles 
E. H. Torgersen 
H. C. Weed 
. A. Wilcox 
. F. Willis 


. Lawson Cc 


Past Chairmen 
. I. Honeyman 
C. R. Kuzell 


R. W. Hughes 


MORENC 1 SUBSECT/ON 


AJO SUBSECT/ON 


Troy B. Hinton, Chatrman 
W. C. Hunter, 
D. AR. 


Vice Chairman 


Cratty, Secretary-Treasurer 


TECHNICAL DIVISIONS 


1. Mining Geology Division 
H. A. Schmit, Chairman 
Robert Hernon, Secretary 


It. Underground Mining Division 
William P. Crawford, Chairman 
tit. Open Pit Mining Division 
John Lentz, Jr. 
F. R. Rickard, 


, Chairman 
Secretary 


1¥. Ore Dressing Division 
Charles H. Curtis, Chatrman 
V. Smelting Division 
E. J. Caldwell, Chairman 
J. B. Cunningham, Secretary 


COMMITTEE CHAIRMEN 
R. W. Thomas, Nominating 
Harry Krumlauf,, Membership 


BLACK HILLS 


ESTABL/SHED DECEMBER /8, /936 
James O. 


Harder, Chairman 
John Mitchell 


, First Vice-hairman 
Robert Hill, Second Vice-Chairman 
A. L. Slaughter, Secretary-Treasurer 
Box 834, Lead, South Dakota 





LOCAL SECTION COMMITTEES 





EXECUTIVE COMMITTEE 


Above Officers and 


John P. Gries 
D. E. Moulds 


James O. Harder, Section Delegate 


Gerald Van Duzee 
Arthur Rice 


COMMITTEE CHAIRMAN 
R. J. 


Hall, Membership 


BOSTON 


ESTABL/SHED SEPTEMBER 20, 


Meets first Monday of each month 
October to May inclusive 
A. M. Gaudin, -Aairman 
Roland D. Parks, Vice Chairman 
R. Schuhmann, Jr., Secretary—Treasurer 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 


EXECUTIVE COMMITTEE 
Danie! Cushing Carle R. Hayward 
Nicholas J. Grant 
H. E. McKinstry - ex officio 
Roland D. Parks - ex officio 
George P. Swift - ex officio 
Plus all officers listed above 


R. Schumann, Jr., Section Delegate 


COMMITTEE CHAIRMAN 
A. M. Gaudin, Membershit 


CARLSBAD POTASH 


ESTABLISHED SEPTEMBER /8, 1/946 


Meets third Thursday of each month 


except July and August 
E. W. Douglass, Chairman 
G. C. Weaver? Vice-Chairman 
W. P. Wilson, Second Vice-Chairman 
H. P. Clark, Secretary—Treasurer 
Box 71, Carlsbad, New Mexico 
E. W. Douglass, Section Delegate 
G. C. Weaver, Alternate Delegate 


COMMITTEE CHAIRMEN 


R. Haworth, Entertainment 
W. P. Wilson, Membership 


CHICAGO 


ESTABL/SHED FEBRUARY 26, /9/4 


Holds dinner meeting first Wednesdsy of each 
month, October to May inclusive, 
at the Chicago Bar Association 


Roy A. Lindgren, Chairman 
Rudolph Tietig, Secretary-Treasurer 
A. J. Boynton & Company 
109 N. Wabash Avenue 
Chicago, Illinois 


H. A. White, Section Delegate 


PAST CHAIRMEN 


J. E. Drapeau, Jr. T. S. Washburn 
H. A. Herder H. A. White 
H. W. Johnson 


Hjalmar W. Johnson, National Director 
Wilfred Sykes, Past National Director 
W. R. Wright Past National Director 


COMMITTEE CHAIRMEN 


B. R. Queneau, Program 
C. M. Squarcey, Membership 
C. H. Samans, Personnel Service 
M. E. Nickel, Reception 
H. M. St. John, Student Relations 
Dennis Carney, Publicity 


Junior Engineer Representation 
K. F. Schauwecker 


Inter-Soctety Representatives 
D. L. Colwell W. P. Fueomler 


Inter-Society Alternates 


R. E. Laub G. M. White 


Members at Large 
Paul R. Nichols 
Michael Tenenbaum 
Clayton G. Ball 
Louis R. Berner 


F. L. Warner 
Fred L. Riddell 
William E. Mahin 
Andrew Forrest 


University Representatives 
Harold L. Walker, [llinois 
George J. Barker, Wisconsin 
Paul A. Beck, Notre Dame 
George M. Enos, Purdue 
Otto Zmeskal, Illinois Tech 





LOCAL SECTION COMMITTEES 


CENTRAL APPALACHIAN 
Established October 17, 1940 





DIRECTORS 
H. C. Bretschneider 
Frank Coolbaugh 
Ben C. Essig 


J. Morris 


W. 
M. I. Signer 


John T. Pa@ker, Chairman 
George R. Higinbotham, Vice-Chairman 
F. K. Prosser, Vice-Chairman INTER-MOUNTAIN SUBSECTION 
G. R. Spindler, Vice-Chairman John R. Mullen, Chairman 
Charles T. Holland, Secretary-Treasurer B. B. Greenlee, Vice-Chairman 
Box 836, Blacksburg, Virginia F. J. Windolph, Secretary 
E. A. Tyler, Treasurer 
Charles T. Holland, Section Delegate 


R. G. Sullivan 


SAN JUAN SUBSECTION 
E TI OMMITTEE R. G. Sullivan, Chairman 
XECUTIVE E J. W. George, Secretary—Treasurer 
Lee M. Morris 
Wm. A. Staab 


George 0. Tarleton L 
H. B. Wickey 


R. H. Allen 
Rhesa M. Allen CLIMAX SUBSECTION 

C. E. Hough . H. Glanville, Chairman 
R. K. Kirkpatrick, Secretary 


COLUMBIA 


CLEVELAND Established November 24, 91! 


Established April 17, 1936 Holds meetings first Friday of each month 
except July and August 
Harold Y. Hunsicker, Chairman , 
Milton Tilley, Vice-Chairman 5. ¢ * 
Vernon F. Kalan, Secretary = 
Cleveland Graphite Bronze Co. 
17000 St. Clair Ave. 
Cleveland 10, Ohio 


E. T. Vitcha, Treasurer 
W. K. Bock, Section Delegate 


A. Grant, Chairman 
Kieffer, Secretary-Treasurer 
Spokane-Idaho Mining Co. 
Box 930, Kellogg, Idaho 


Lewis A. Grant, Section Delegate 


SPOKANE SECTION 
EXECUTIVE COMMITTEE 


W. W. Staley, Vice-Chairman 
J. P. Hontas * W. M. Baldwin, Jr. 2 Harold Kirkemo, Assistant Secretary 
C. H. Junge ? 


SWAKE RIVER SUBSECTION 
COMMITTEE CHA! RMEN Edward B. Douglas, Vice-Chairman 
Harry Schwartzbart, Membership Harry W. Marsh, Assistant Secretary 
G. M. Cover, Program 
E. J. Whittenberger, Publicity 


CONNECTICUT 
COLORADO Established September 30, 1947 
Established May 23, 1913 


J. W. Vanderwilt, Chairman 
G. R. Harris, Secretary-Treasurer 
920 First National Bank Bldg. 
Denver 2, Colorado 


Holds meetings second Wednesday, 


October, 
December, 


February and April 
R. S. French, Chairman 
F. H. Wilson, Vice-Chairman 
William E. Milligan, Secretary-Treasurer 
Yale University, New Haven, Connecticut 


Lewis E. Thelin, Section Delegate 


M. I. Signer, Council Delegate 
Asher Patton, Membership 





LOCAL SECTION COMMITTEES 





COMMITTEE CHAIRMEN 


DETROIT 
Albert I. Blank, Publicity and Attendance 


Established February 18, 1936 
Maur J. Weldon Membership 


Holds meetings third Monday of each month 
George F. Donahue, Di rector—at-Large except June through September 
F. Bens, Chatrman 
H. Moser, Vice-Chairman 
DELTA E. Engle, Secretary 
Carboloy Co., Inc. 
Detroit, Michigan 
Meets second Tuesday in the month except 


Established September (8, 1946 


B. Beckwith, Treasurer 
during June, July, and August 


H. M. K J ‘h R. D. Ghapman, Section Delegate 
. M. Krause, Jr., Chairman 
Raymond B. Kelly, Jr., Vice-Chairman 

Charles A. Capps, Vice-Chairman EXECUTIVE COMMITTEE 

J. F. Homer, Secretary . Anderson C. Gorton 

Humble Oil & Refining Company - Bens N. Lazar 

1405 Canal Bldg e. Dofter M. Semchyshen 
New Orleans, Louisiana D. Frey 
H. Anderson, Chatrman, Membership 

A. L. Vitter, Treasurer 

H. O. Loehr, Journal Secretary EAST TEXAS 


Established April 18, 1940 


H. M. Krause, Jr., Section Delegate 


Holds meetings the second Tuesday of each 


DIRECTORS month except July through September 


E. N. Van Duzee J. H. Rambin 


W. W. Leonard, Chairman 
Murray Hawk ins Fred E. 


W. R. Mays, Vice-Chairman 
W. E. LaRoche, Secretary—Treasurer 
Tide Water Associated Oil Company 
Drawer 152, Kilgore, Texas 
COMMITTEE CHAIRMEN ; 
W. W. Leonard, Section Delegate 
John M. Dillon, Jr., Acttvitie 
H. C. Loehr, Publicity DIRECTORS 
J. A. Battle, Jr., Program . 
C. A. Capps, Membership a Crowder 
L. A. J. Monroe, House P. J. Lehnhard 
H. L. Long 
W. S. Morris J 


Simmons, Jr. 


P. E. DesJardins 
B. F. Patterson, Jr. 
R. K. Thies 
. A. Walker 


MISSISSIPP! SUBSECTION EL PASO METALS 
J. K. Wright, Jr., Chairman 


T. H. Jackson, Jr., First Vice-Chairman Established March 25, 1927 
S. J. Poythress, Jr., Second Vice-Chairman 
Eugene J. Burnet, Secretary-Treasurer 
Mississippi Oil and Gas Board 
P. O. Box 347, Jackson, Mississippi Cc 


Holds meetings second Wednesday of each month 


A. F. Horle, Chairman 
. S. Harper, Jr., Vice-Chairman 
Guy E. Ingersoll, Secretary—Treasurer 
Texas Western College 
912 W. Yandell Blvd. 
Board of Directors El Paso, Texas 
J. 0. Crowe . 


Eugene M. Thomas, Section Delegate 





XXVI1 


LOCAL SECTION COMMITTEES 





DIRECTORS 


M. S. Darbyshire 
E. W. Donahue 
M. W. Hayward 

R. L. 


W. P. Hewitt 

W. S. Strain 

A. J. Thompson 
Hennebach 


COMMITTEE CHAIRMEN 
O. Paul Lance, Membership 
Hardy F. Kannady, Jack H. Nelson, 
Meeting Arrangements 
Programs 
March - J. F. Graham 
April - R. C. Wilsm@m 
May - R. G. Ponsford, Jr. 
Sept. - P. A. Alers 
Oct. - E. M. Thomas 
Nov. - R. J. Benson 
Dec. - B. B. Kunkle 
Jan. - R. J. Mellen 


J. E. Despins, Reception 


FLORIDA 
Established September 27, 1949 


Holds meetings the first Monday of each month 


James B. Cathcart, Chatrman 
John W. Pamplin, Vice-Chairman 
Robert Thomas, Secretary-Treasurer 
P. O. Box 831, Plant City, Florida 


Allen T. Cole, Section Delegate 


STEERING COMMITTEE 
James B. Cathcart, Chairman 
E. T. Casler Robert Thomas 
Allen T. Cole Bo. Wes 
N. Morris Faulds 
John W. Pamplin 


Weaver 
O. H. Wright 


COMMITTEE CHAIRMEN 


N. Morris Faulds, Membership 
O. H. Wright, Program 


J.R. Berg, Dire 


GULF COAST 


Established December 13, 1935 


Holds meetings the third Tuesday ofeach month 


Alfred W. Waddill, Chatrman 

George R. Gray, Vice 
George H. Fancher, 
Albert B. 


Everett F. 


Chairman 
Vic e-—_fairman 
Stevens, Vice-Chairman 
Stratton, Secretary-Treasurer 
1720 Niels Esperson Bldg. 


Houston 2, Texas 


Julian E. Kastrop, Section De 


DIRECTORS 


T. C. Borland H. A. 
Julian Kast roy E. L. 
E. B. Miller, Jr ia 


Otto 
Petree 


. A. Rassinier 


COMMITTEE CHAIRMEN 
Fred S. Reynolds, House 


J. S. Levine, Activity 
W. B. Hopkins, 
K. B. 


C. Leon Singleton, 


Member 
Ford, Program 


urnal Editor 


KANSAS 


Established November 17, 1/948 


Meets third Wednesday of each month except 


e through August 
G. I 

s. '& 

rT. J. 

L. ©. 
George J. 
Schlumberger Well Survey Corp. 

Box 1034, Wichita, Kansas 
G. I 


. Yates, Chatrman 


Gallivan, tce—_hatrman 


LAairman 


> 
y 
Hamilton, Vice 


Holsapple, Vice-Chatrman 


Decker, Secretary-Treasurer 


Yates, Section Delegate 


tor E.L. Anders, 


Director 


LEHIGH VALLEY 
Established March 27, 


B. L. Larpenteur, Chairman 
R. B. Hoy, Vice Chairman 
H. R. Gault, Vice Chairman 
J. S. Marsh, Vice Chairman 
A. F. Peterson, Jr., Secretary 
Bethlehem Steel Go. 
Bethlehem, Pennsylvania 


1924 


R. G. Peets, Treasurer 


R. T. 


Gallagher, Section Delegate 





LOCAL SECTION COMMITTEES 


XXVIII 





MANAGERS 
M. L. Fuller R. T 


P. W. Ramsey 


COMMITTEE CHAIRMEN 
R. B. Hoy & W. S. Cumings, Program 
D. S. Lyons, Membership 
E. B. Mancke & C. G. Tebelman, 4 
E. A. Anderson, Student Affair 
M. L. Fuller, Nominations 


MID-CONTINENT 


Established December 28, 1917 

Holds weekly luncheon meetings each 

in Tulsa, Oklahoma. 

ings held 

June through August. 
James N. McGirl, Chairman 

Jack H. Beesley, First Vice-Chairman 
(Programs) 

G. C. MacDonald, Second Vice-Chairman 
(Membershtp) 

John H. Jennings, Secretary—Treasurer 

Ohio Oil Company 
Thompson Bldg., Tulsa, Oklahoma 


Roy H. Smith, Section Delegate 


EXECUTIVE COMMITTEE 
(Tulsa) 
C. H. Danchert sen 
A. E. 
Past Chairmen, ex officiis 
H. M. Cooley 


M. B. Penn 
Smith 


Roy H. Smith 
(Outside Tulsa) 


Harold S. Kelly E. S. Messer 


MINNESOTA 


Established December 20, 1920 


Annual meeting second week in January 
other meetings as called by officers 
Grover J. Holt, Chairman 
Hugh Leach, Vice-Chasrman 
W. N. Matheson, Vice-Chairman 
E. P. Pfleider, Vice-Chairman 
D. M. Davidson, Secretary—Treasurer 
E. J. Longyear Company 
1701 Foshay Tower 
Minneapolis 2, Minnesota 


Eugene P. Pfleider, Section Delegate 


- Gallagher 


spitalitty 


Thursday 
Regular Section Meet 
second Monday each month except 


Directors 
E. P. Scallon W. L. Taylor 
C. J. O'Connell 


MONTANA 


Established October 17, 1913 
Holds meetings the fourth Tuesday 
of each month 


Kuno Doerr, Jr., Chairman 
C. H. Steele, Vice-Chairman 
F. W. Strandberg, Secretary—Treasurer 
Anaconda Copper Mining Company 
421 Hennessy Bldg., Butte, Montana 
F. W. Strandberg, Section Delegate 
EXECUTIVE COMMITTEE 
R. H. Miller M. C. Messner 
COMMITTEE CHAIRMEN 


William Waylett, Membership 
J. T. Roy, Program 
Clarence Champ, Student Awards 
A. B. Martin, Nominating 


Chairman Advisors on Current and Desirable 
Subjects for Meetings 
E. S. McGlone, Mining 
M. H. Gidel, Geology 

R. B. Caples, Metallurgy 


A. E. Adami, General 


NEVADA 


Established January 21, 1916 
Albin C. Johnson, Chairman 
Albert Silver, Vice-Chatrman 

Andrew C. Rice, Secretary 


Treasurer 
uv. &. 


Bureau of Mines 
Box D, University Station 
Reno, Nevada 


J. C. Kinnear, Jr., Section Delegate 


EXECUTIVE COMMITTEE 
T. A. Copeland 


John Heizer 
R. A. Hardy 


J. C. Kinnear, Jr. 


RENO BRANCH 


uncheon meeting the first Thursday 


of each month 


Clyde Collins, Chairman 
Parker Lidell, Secretary—Treasurer 
1500 Watt St., Reno, Nevada 





LOCAL SECTION COMMITTEES 





NEW YORK 
Established May 19, 191! 


Holds monthly meetings except February, 
June, July, and August 


Francis Cameron, Chairman 
Philip D. Wilson, Past Chatrman 
L. C. Raymond, Vice-Chairman 
P. Malozemoff, Vice-Chairman 
James S. Vanick, Treasurer 
R. H. W. Chadwick, Secretary 
Metal Co., Ltd. 

61 Broadway, New York 6, N. Y. 


Philip D. Wilson, Section Delegate 


COMMITTEEMEN 
Ira K. Hearn 
H. W. Hitzrot 
Alvin Knoerr 


Domingo Moreno 
R. H. Ramsey 
E. H. Thaete, Jr. 


WORTH PACIFIC 
Established March 28, 1913 


Holds meetings third Thursday of each month 
except June, 


July and August 
W. C. Leonard, Chatrman 
Drury A. Pifer, Vice-Chairman 
A. H. Mellish, Secretary-Treasurer 
American Smelting & Refining Company 
P.O. Box 1605, Tacoma 1, Washington 


M. E. Elmore, Corresponding Secretary 


W. C. Leonard, Section Delegate 


COUNCILLORS 
Milnor Roberts 


F. J. Dohrer 
L. W. Heinzinger 
COMMITTEE CHAIRMEN 


C. H. Randt, Membership 
H. G. Poole, Program 


REPRESENTATIVES TO P. S. E. COUNCIL 


F. J. Dohrer 
Milnor Roberts 


NORTH TEXAS 
Established May 16, 1945 


Jack A. Crichton, Chairman 

K. Marshall Fagin, Vice-Chatrman 
Gus Athanas, Vice-Chairman 

Earl C. 


Taylor, Jr., Vice-Chairman 
Kenneth F. 


Anderson, Secretary—Treasurer 


Bureau of Mines, Dallas, Texas 


Jack A. Crichton, Section Delegate 


DIRECTORS 
Joab B. Harrell, Jr. 
R. G. Parker 4 


Gordon R. Stine 


Pat Reardon 


. E. Stiles 


OHIO VALLEY 


Established November 19, 1920 


John H. Melvin, Chatrman 
Richard J. Lund, Vice-Chairman 
William H. Smith, Secretary-—Treasurer 
Ohio Division of Geology Survey 
Orton Hall, Ohio State University 
Columbus, Ohio 
W. A. 


Mueller, Section Delegate 


COMMITTEE CHAIRMEN 


James W. Cunningham, Program 
William H. Newton, Member 


shit 
Arthur Westerman, 


Member Representative 


AREA REPRESENTATIVES 


B. M. O’Harra, Cincinnati 
George R. Long, Dayton 
G. W. Noble, Findlay 
Max A. Tuttle, Indianapolis 
Cecil E. Bales, Jronton 
Harold P. Gaw, Middletown 
Theron W. Reed, Newark 
Benjamin Eggers, Portsmouth 
James D., Reilley, St. Clairsville 





LOCAL SECTION COMMITTEES 





OKLAHOMA CITY 


Established February 18, 1947 


George J. Clark 


E. 


J. H. Field, Cha: 
J. C. Cordell, First 
R. M. Caywood, Sec 
M. J. 


md Vice 
Popovich, Secretary-Treasurer 
Sohio Petroleum Company 
Skirvin Tower, Oklahoma City, Oklahama 
J. H. Field, 
DIRECTORS 


¢ 


Section Delegate 


Henry Waszkowski 


Edward Saye, 


Ill 


OREGON 


Established Apri! 22, 192) 


Holds meetings third Friday f each om 


except during summer months 
David H. Beetem, 
Stephen M. Shelton, Vice-Chairman 
Albert O. Bartell, Past Chairman 
James Forbes Bell, Secretary 
Portland Gas & Coke Company 
Public Service Bldg. 
Portland 4, Oregon 


-Aatrman 


+ 


D. H. Beetem, Section Delegate 


EXECUTIVE COMMITTEE 


Bartell 
Bee tem 
Bell 


L. i. 


. O. 
. &. 
- F. 


J. McWilliams 
Ernest Messer 
M. 


. She lton 


Banning, Membershit zirman 


PENNSY LVANIA-ANTHRAC ITE 


Established February {7, 1914 


Holds meetings alternately at 
Hazleton, Wilkes-Barre and Scranton. 
meeting, April; Summer meeting, 


meeting, Uctoder. 


Henry A. Dierks, ( 
D. C. Helms, Vice—Chatrman 
Floyd S. Sanders, Secretary—Treasurer 
Goodman Manufacturing Company 
35 New Bennett Street 
Wilkes-Barre, Pennsylvania 


hatrman 


Cadwallader Evans, Jr., Section Delegate 


Edward G. 
Carroll A. Garner 


Wilmot Jones 


EXECUTIVE COMMITTEE 

John W. Buch Ear] W. Lamb 
William C. Muehlof 
W. Julian Parton 
Walter B. Petzold 
James H. Pierce 
Edward T. Powell 
Humphrey, Jr. John M. Reid 
George A. Roos, ex officio 


L. Dana 
William W. Everett 
Fox 


J. M. 


J. T. Griffiths, Membership Chairman 


PERMIAN BASIN 


Established November 14, {945 
Jack M. Moore, Chairman 
Joe Chastain, Vice-Chairman 
Ray Ousterhaut, Secretary—Treasurer 
Dowell, Inc. 
409 W. 21 St. 
Odessa, Texas 
Jack M. Moore, Section Delegate 


BOARD OF DIRECTORS 


Bryan Denson Ray Howard 


W. N. Little 


COMMITTEE CHAIRMEN 
Cc. 
Ray Howard, Program 


T. 


Frick, Welcoming 
J. T. Lewis, Membershit 


SOUTH PLAINS SUBSECTION 


R. W. Coburn, Chairman 

J. B. Rosen, First Vice—Pre 

John Gould, Second Vice-President 

K. D. Snedeker, Secretary—Treasurer 
Kobe Inc., Box 849, 

Brownfield, 


iden 


+ 


Texas 


PHILADELPHIA 


Re-established March 15, 1944 


inner and meeting held last Thursday each 


month except June through September 


A. L. 
D. Finch, First Vice-Chairman 
A. A. Bradd, Second Vice-Chairman 
F. J. Dunkerley, Secretary—Treasurer 
University of Pennsylvania 
247 Engineering Bldg. 
Philadelphia, Pennsylvania 


Jamieson, Chatrman 


A. L. Jamieson, Section De legate 





LOCAL SECTION COMMITTEES 








EXECUTIVE COMMITTEE 


C. B. Allen A. L. Jamieson 
A. Bounds F. B. Litton 
A. W. Grosvenor, Ex officio 
F. Foley, Ex officto 


PITTSBURGH 
Established 1920 


G. J. Donaldson, Chatrman 
R. F. Miller, Vice-Chairman 
E. H. Hollingsworth, Secretary 
Aluminum Research Laboratories 
Aluminum Co. of America 
New Kensington, Pennsylvania 


R. D. Snouffer, Treasurer 
Linwood Thiessen, Section Delegate 


EXECUTIVE COMMITTEE 
D. T. Rogers 


D. W. Pettigrew, Jr. 
J. T. Ryan, Jr 

W. G. Stevenson 

C. H. Sawyer 

J. M. Stewart 
Linwood Thiessen 

W. L. Wearly 


. G. Alford 
. G. Botset 
A. J. Breitenstein 
. Derge 
. Feigenbaum 
. P. Greenwald 
- G. Gulley 
. B. Morrow 
A. B. Wilder 
kx Uffictits 


. N. Eavensan L. &. Young 


S. Feigenbaum, Chairman 
Annual All-Day Off-the-Record 
Technical Session 


ST. LOUIS 


Established May 23, i913 
Norman Hinchey, Chatrman 
Curtis Wilson, Vice-Chairman 
Nat L. Shepard, Past—Chatrman 
John D. Kerr, Jr., Secretary-Treasurer 
St. Louis Chamber of Commerce 
511 Locust Street 
St. Louis, Missouri 


Clyde S. Smith, Section Delegate 


EXECUTIVE COMMITTEE 
Howard I. Young 
Carl G. Stifel 
John E. Lamar 


O. M. Bishop 
Ernest L. Ohle 
Clyde Smith 


Howard E. Butters, Program Chairman 


J. WwW, 


SAN FRANCISCO 


Established June 26, 1913 


Holds meetin second Wednesday of each 


month except June through August; and Monday 


noons for luncheon af Engineers! Club 


George H. Playter, Chairman 
Walter L. Penick, Vice-Chairman 
J. G. Huseby, Secretary-Treasurer 
Room 700, 216 Pine Street 
San Francisco 4, California 


E. H. Wisser, Section Delegate 


COMMITTEE CHAIRMEN 
Walter L. Penick, Program 
J. C. Lokken, Membership 
Edward Wisser, Student Contact 
Granville S. Borden, Tax 
Berard York, '52, Student Prize 
Lawrence B. Wright, Licensing 
Granville S. Borden, 
Entertainment and Hospitality 
W. Spencer Reid, Advisory 
A. A. 
H. A. Sawin, Nominating 
Edward W. Bullard, 


f Eng. 


Hoffman, Finance 


Advisory Soctety 


mmtttee 

mpLoyment Service 

Philip R. ° 

W. W. Mein, Jr., Engineering 
SOUTHEAST 

Established February 1/8, 

W. C. McKenzie, 

E. H. Rose, First 

Alfred Shook III, Se 

Wayne L. Dowdey, Se 


Bradley, Jr.,legtslative 


1936 
hatrman 

Vice-—Chatrman 

md Vice-Chairman 

retary -Trea ure? 

Eimco Corporation 

3140 Fayette 

a <. 


Ave., Birmingham, Alabama 
Chase, Sectron Delegate 
DIRECTORS 
Hugh Kendal | 
Nelson Severinghaus 


Hopkins 


W. C. Chase 
P. G. 
Wm. Black R. H. 
COMMITTEE CHAIRMEN 
M. C. McCall, Membershit 
C. H. Dewey, Program 


Cowin 


Monro B. Lanier, II, Entertainment 
Howard Cobb, Publicsty 
Stewart, Development of Jr 
E. H. Stevens, Student ( 
C. H. Dewey, Representative 
Birmingham Engineers Counctl 


. Engineer 


unse lor 
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SOUTHERN CALIFORNIA 
Established May 23, 1913 


J. A. Kavenaugh, Chairman 
P. A. Haythorne, Secretary 
2521 Rinconia Ave. 
Los Angeles 28, California 
C. W. Six, Treasurer 
J. A. Kavenaugh, Section Delegate 
OIRECTORS 


John Rizley, Metals Branch 
Richard Stewart, Mining Branch 
Basil Kantzer, Petroleum Branch 
Ian Campbell, Past Chairman Mining Branch 


SOUTHWESTERN ALASKA 
Established February |95/ 


SOUTHWEST TEXAS 


Established September 18, 1946 


Holds meetings second Wednesday of each 
month except July, August and December 
Lee J. Thronson, Chatrman 
George Wilson, Vice-Chairman 
Harry D. Vaughan, Secretary—Treasurer 
Lane Wells Co., P. 0. Box 389 


Corpus Christi, Texas 


re J. ronson, Section Delegate 
Lee J. Th Sect gat 


DIRECTORS 

Henry Kerr 
J. M. Clark Carl Peters 
R. C. Granberry, Jr. Frank Saye 
F 
Cc 


B. Booth 


". Hebert D. F. Shaw 


>. W. Kelley Chester Wheless 


COMMITTEE CHAIRMEN 


C. L. Wheless, Membershit 
D. F. Shaw, Program 


SAN ANTONIO-AUSTIM SUBSECTION 


W. H. Spice, Jr., Chairman 
H. H. Powers, Vice-Chairman 


J. B. Jones, Secretary—Treasurer 


DIRECTORS 


W. E. Richards 
Harry Rosser 


Oscar Goode 
J. H. MeQuown 


SOUTHWESTERN NEW MEXICO 
Established September 30, 1947 


Holds meetings second Wednesday in January, 
April, July and October 
T. Alfred Snedden, Chairman 
Jerry W. Faust, First Vice-Chairman 
Robert M. Hernon, Second Vice-Chairman 
David W. Boise, SecretaryTreasurer 
917 West Street 
Silver City, New Mexico 


COMMITTEE CHAIRMEN 


W. J. Akert, Membership 
Elton Clark, Program 


TRI-STATE 
Established May 27, 1926 


Ernest Blessing, Chairman 
Joseph P. Lyden, Vice-Chairman 
William F. Netzeband, Secretary—-Treasurer 
Box 870, Joplin, Missouri 


Dan Stewart, Section Delegate 


DIRECTORS 
H. A. Krueger 
Joseph P. Lyden 
William F. Netzeband 
Jacob C. Stroup 


Ernest Blessing 

S. S. Clarke 

F. J. Cuddeback 

George M. Fowler 
COMMITTEE CHAIRMEN 


F. J. Cuddeback, Membership 
S. S. Clarke, Program 


UPPER PENINSULA 
Established October 25, 1918 


A. J. Christenson, Chairman 
Robert K. Poull, Vice-Chairman 
Roy W. Drier, Secretary—Treasurer 
College of Mining & Technology 
715 Pine St., Calumet, Michigan 
P. P. Ribotto, Section Delegate 
Roy W. Drier, Alternate 


ADVISORY COMMITTEE 
F. W. Denton, Jr. 
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COMMITTEE CHAIRMEN 


A. J. Christenson, Executive 
Carl Brewer, Nominating 
Roy W. Drier, Finance 
Roy W. Drier, Program 

Fred W. Denton, Membership 

A. K. Snelgrove, Student Relations 

W. A. Knoll, Entertainment 

Roy W. Drier, Publicity 


F. E. Brown, Professtonal Standards 


UTAH 
Established Agril 24, 1914 


Carlos Bardwell, Chairman 
W. G. Rouillard, Vice-Chairman 
Harry P. Allen, Secretary—Treasurer 
1316 Penn Street 
Salt Lake City,5, Utah 


B. E. Grant, Section Delegate 


EXECUTIVE COMMITTEE 


M. B. Kildale 
H. L. Johnson 


C. J. Christensen 
J. M. Ehrhorn 


COMMITTEE CHAIRMEN 


J. F. Dugan, Membership 
Furt B. Brewster, Aublicity 
Robert S. Lewis, Student Affairs 
E. Kipp, Antertainment 


WYOMING 
Established May 16, 1930 


Holds regular meetings quarterly, 
special meetings when speakers areavailable. 


Frank J. Peternell, Chairman 
H. G. Fisk, Vice-Chairman 
Frank Kratka, Secretary-—Treasurer 
Union Pacific Railroad Company 
Box 1072, Rock Springs, Wyoming 
Frank J. Peternell, Section Delegate 
I. N. Bayless, Alternate 


EXECUTIVE COMMITTEE 


I. N. Bayless I. M. Charles 
G. B. Pryde 


MEMBERSHIP COMMITTEE 


W. T. Nightingale, Chairman 
Vv. O. Murray 


WASHINGTON, D. C. 
Established June 2), 1918 


Holds meetings ally third Tuesday of each 


month except June through August 


Paul M. Tyler, Chairman 
R. B. McCormick, Vice-—Pre A 
Charles E. Stott, Vice-President for Maryland 
Julian W. Feiss, Vice-Chairman for Virginia 
J. W. Clark, Secretary 

U. S. Bureau of Mines, Dept. of the Interior 


Washington 25, D. C. 


tdent for D.C. 


Treasurer 


F. T. Moyer, Section Delegate 


EXECUTIVE COMMITTEE 


A. W. Dickenson 
R. L. 


Henry C. Morris 
Wilcox 


FOREIGN SECTIONS 
MEXICO 
Established 1950 


Holds monthly luncheon meetings first Monday 


of each month af American Club, Mexico ty 


Alfredo Terrazas, Chairman 


Valentin Garfias, V2ce—Chatrman 
William G. Kane, Secretary—Treasurer 


P. O, Box 711, Mexico City, D.F. 


PHILIPPINE 


Established January 20, 1939 


Nestorio N. 
Ananias Crisostomo, Secretary- 
157-A Mayon St. 
Quezon City, P.I. 


Lim, Chairman 
Treasurer 


RIO DE JANEIRO (Brazil) 
1936 


Established April 17, 


Holds meet Thursday of each month at 


ae af branco /28, Room 4/0 
E. de Macedo Soares S., Chatrman 
A. I. de Oliveira, Vice-Chairman 

Harvey Hakala, Vice-Chairman 

Frank E. Noe, Secretary 

Silvio Froes Abreu, Secretary 

Instituto Nacional de Tecnologia 


Rio de Janeiro, Brazil 


H. C. Alves de Sousa, Treasurer 











STUDENT CHAPTERS 


FACUL 


UNIVERSITY OF ALABAMA 
University, Ala. 
MINING ANO METALLUR 


James W. Stewart 


UNIVERSITY OF ALASKA 
College, Alaska 


SOCIETY OF THE UNIVER. 


Guinn Metzger 


MINING 


UNIVERSITY OF ARIZONA 
Tucson, Ariz. 
MINERS * 


H. Krumiauf 


BIRMINGHAM-SOUTHERN COLLEGE 
Birmingham, Ala. 
PICK AND HAMMER CLUB 


Daniel D. Arden 


UNIVERSITY OF BRITISH COLUMBIA 
Vancouver, British Columbia 
— DAWSON Lue 


A. Gunning 


UNIVERSITY OF CALIFORNIA 
Berkeley, Calif. 
MINERAL TECHNOLOGY ASSOCIATION 
Bernard York 


CARNEGIE INSTITUTE OF TECHNOLOGY 
Pittsburgh, Pa. 
THE METAL 8 
Gerhard Derge 


CASE INSTITUTE OF TECHNOLOGY 
Cleveland, Ohio 
PICK AN MOVE 


Gerald M. Cover 


CITY COLLEGE OF NEW YORK 


Wew York, WN. Y. 
CCNY AIM 


Daniel T. 


STUDENT CHAPTER 
0'Connel | 


195) 


TY SPONSORS 


COLORADO SCHOOL OF MINES 
Golden, Colo. 
TUDENT AIME 
Sigmund L. Smith 


HAPTER, 


COLUMBIA UNIVERSITY, SCHOOL OF MINES 
New York 27, WM. Y. 

THORNTON READ SOCIETY 
Herbert H. Kellogg 


THOMA 


CORNELL UNIVERSITY 


Ithaca, W. Y. 
JONELL METALLURGICAL 


J. L. Gregg 


DRURY COLLEGE 
Springfield, Mo. 


IRUR YY ROCKHOUNDS 
Allen P. Ostrander 


FENN COLLEGE 
Cleveland, Ohio 
EGE TUDENT CHAPTER, AIME 
D. C. Fabel 


UNIVERSITY OF IDAHO 
Moscow, idaho 


(ATED MINERS 


Joseph Newton 


UNIVERSITY OF ILLINOIS 
Urbana, II}. 

NOUS TRY SOCIETY 

W. R. Chedsey 


M/NERAL 


ILLINOIS INSTITUTE OF TECHNOLOGY 
Chicago, ill. 
TUDENT CHAPTER, AIME 


Otto Zmeskal 


10WA STATE COLLEGE 
Ames, lowa 
/OWA STATE MINING SOCIETY 
Charles 0. Frush 
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UNIVERSITY OF KANSAS 


Lawrence, Kan. 


MONTANA SCHOOL OF MINES 
Butte, Mont. 
ANDERSON~-CARLISLE TECHNICAL 


George J. Grunenfelder 


STUDENT CHAPTER, A/ME SOCIETY 
Hubert E. Risser 
UNIVERSITY OF KENTUCKY UNIVERSITY OF NEVADA--MACKAY SCHOOL OF MINES 
Lexington, Ky. 


Reno, Nev. 
NORWOOD MINING AND METALLURG/CAL SOCIETY 


Charles Stevens Crouse 


RU 


(BLE CLUB 
Vv. P. Gianella 
LAFAYETTE COLLEGE UNIVERSITY OF NEW HAMPSHIRE 
Easton, Pa. 


Durham, WN. H. 
JOHN MARKLE SOCIETY STUDENT CHAPTER, A/ME 
William B. Plank Glenn W. Stewart 
LEHIGH UNIVERSITY UNIVERSITY OF NEW MEXICO 
Bethlehem, Pa. 


Albuquerque, WN. Mex. 
HOWARD ECKFELDT SOCIETY OF MINING & GEOLOGY 


SEOLOGY CLUB 
R. T. Gallagher Vincent Kelley 

LOUISIANA STATE UNIVERSITY NEW MEXICO INSTITUTE OF MINING & TECHNOLOGY 
University, La. 


Socorro, W. Mex. 
STUDENT CHAPTER, AIME 


JONEY MINING CLUB 
B. C. Craft Gerald U. Greene 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Cambridge 39, Mass. 
MIT METALLURGICAL SOCIETY 
H. Rush Spedden 


NEW YORK UNIVERSITY 
University Heights, New York 53, N. Y. 
NYU STUDENT CHAPTER, A/ME 
John P. Nielsen 
UNIVERSITY OF MICHIGAN NORTH CAROLINA STATE COLLEGE OF AGRICULTURE 
Ann Arbor, Mich. AND ENGINEERING 


UNIV. OF MICHIGAN STUDENT SOCIETY, AIME Raleigh, WN. C. 


Clarence A. Siebert ROCKHOUND CLUB 
Glen Ernest McKinley 


MICHIGAN COLLEGE OF MINING & TECHNOLOGY 
Houghton, Mich. 


UNIVERSITY OF NORTH DAKOTA 


Grand Forks, WN. D. 
STUDENT CHAPTER, AIME 


THE MINING CLUB 
Charles M. Harry J. J. Daly 
UNIVERSITY OF MINNESOTA 


Minneapolis, Minn. 


OHIO STATE UNIVERSITY 


Columbus, Ohio 
SCHOOL OF MINES SOCIETY, AIME 


AIME STUDENT BRANCH 
Eugene P. Pfleider 


William A. Mueller 


MISSOUR! SCHOOL OF MINES & METALLURGY 


UNIVERSITY OF OKLAHOMA 
Rolla, Mo. Norman, Okla. 
STUDENT CHAPTER, AIME 


D. R. Schooler - D. F. Walsh 


PETE 


ROLEUM ENGINEERS' CLUB 
W. F. Cloud 





STUDENT 


CHAPTERS 





OKLAHOMA INSTITUTE OF TECHNOLOGY 
Oklahoma A & M College 
PETROLEUM CLUB 


John P. Everett 


OREGON STATE COLLEGE 
Corvallis, Ore. 
STUDENT CHAPTER, A/WMe 

William E. Caldwell 


UNIVERSITY OF PENNSYLVANIA 
Philadelphia, Pa. 
METALLURGICAL ENGINEERING 


R. M. Brick 


PENNSYLVANIA STATE COLLEGE 
State College, Pa. 
MINING ENGINEERING SOCIETY 


Arnold W. Asman 


PENNSYLVANIA STATE COLLEGE 
State College, Pa. 
PETROLEUM ENGINEER ING 


rik 


0. F. Spencer 


UNIVERSITY OF PITTSBURGH 
Pittsburgh 13, Pa. 
TUDENT CHAPTER, AJM 

—. A. Wines 


POLYTECHNIC INSTITUTE OF BROOKLYN 
Brooklyn 2, W. Y. 


TUDENT CHAPTER 


, AlMeé 
Otto H. Henry 


PRINCETON UNIVERSITY 
Princeton, WN. Jd. 
STUDENT CHAPTER, AlME 


Ww. T. Thom, Jr. 


COLLEGE OF PUGET SOUND 


Tacoma, Wash. 
5f GICAL MiéTy 


F. Ae McMillin 


PURDUE UNIVERSITY 
Lafayette, Ind. 
STUDENT SOC/IBTY, AlMet 
George M. Enos 


RUTGERS UNIVERSITY 
New Brunswick, N. J. 
RUTGERS GEOLOGY CLUB 

Helgi Johnson 


ST. LOUIS UNIVERSITY INSTITUTE OF TECHNOLOGY 
St. Louis 8, Mo. 
ST. LOUIS UNIV. STUDENT CHAPTER, 


AME 
Albert J. Frank 


SQUTH DAKOTA SCHOOL OF MINES AND TECHNOLOGY 
Rapid City, S$. D. 
ORILL AND CRUCIBLE CLUB 
John Paul Gries 


UNIVERSITY OF SOUTHERN CALIFORNIA 
Los Angeles, Calif. 
USC STUDENT CHAPTER, A/ME 
Carrol M. Beeson 


STANFORD UNIVERSITY 
Stanford, Calif. 
GEOLOGICAL & MINING SOCIETY 
0. Cutler Shepard--Charles Park 


A & M COLLEGE OF TEXAS 

College Station, Texas 

PETROLEUM ENGINEERING C 
Joe A. Laird 


LUB 


TEXAS WESTERN COLLEGE 
El Paso, Texas 
KIDD MINING CLUB 
John F. Graham 


TEXAS TECHNOLOGICAL COLLEGE 
Lubbock, Texas 


AIME STUDENT CHAPTER 
W. L. Ducker 


UNIVERSITY OF TEXAS 
Austin, Texas 
AIME STUDENT CHAPTER 
Jd. M. Lebeaux 


UNIVERSITY OF TORONTO 
Toronto, Ont., Canada 
MINING & METALLURGICAL CLUB 
Richard E. Barret 
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UNIVERSITY OF UTAH 
Salt Lake City, Utah 


MINING SOCIETY OF UNIV, OF UTAH 
Robert S. Lewis 


VIRGINIA POLYTECHNIC INSTITUTE 
Blacksburg, Va. 


BURKHART MINING SOCIETY 
Charles T. Holland 


WASHINGTON UNIVERSITY 
St. Louis, Mo. 
WALTER E. McCOURT MEMORIAL CHAPTER, A/ME 
Norman S. Hinchey 


WASHINGTON STATE COLLEGE 


Pullman, Wash. 
ASSOCIATED MUCKERS 
Joseph W. Mills 


UNIVERSITY OF WASHINGTON 
Seattle 5, Wash. 
MINES SOCIETY, AIME 
H. Gordon Poole 


WEST VIRGINIA UNIVERSITY SCHOOL OF MINES 
Morgantown, W. Va. 
TUDENT CHAPTER, AIME 
R. W. Laird 


UNIVERSITY OF WICHITA 
Wichita, Kan. 


HE OLOGY CLUB 
J. Robert Berg 


UNIVERSITY OF WISCONSIN 
Madison 6, Wis. 
MINING AND METALLURGY CLUB 
William J. Rundle 


YALE UNIVERSITY 


New Haven |/, Conn. 


YALE METALLURGICAL SOCIETY 
W. R. Hibbard, Jr. 
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OFFICERS OF THE WOMAN‘S AUXILIARY 


1951 


PRESIDENT 


Mrs. Oliver Bowles 
5000 Massachusetts Avenue N. W. 


Washington 16, 


FIRST VICE-PRESIDENT 
Mrs. David E. Park 
115 East 67th Street 
New York 22, N. Y. 


SECOND VICE-PRESIDENT 
Mrs. Domingo Moreno 

242 Old Short Hills Road 
Short Hills, New Jersey 


THIRD VI 

Mrs. W. H. Coburn 

9 Old Orchard Road 
Chestnut Hill, Mass. 


FOURTH VICE-PRESIDENT 
Mrs. Howard I. Young 
Country Life Acres, R.R. 
Clayton, Missouri 


FIFTH VICE-PRESIDENT 
Mrs. J. D. Gordon 
1204 W. Bonbright 
Carlsbad, New Mexico 


D. C. 


RECORDING SECRETARY 
Mrs. Thomas T. Read 
9 Windmill Lane 
Scarsdale, N. Y. 


ASST. RECORDING SECRETARY 
Mrs. Robert Y. Woodul 

320 East 72nd Street 

New York, N. Y. 


CORRESPONDING SECRETARY 
Mrs. Theodore Nagel 

76 Remsen Street 
Brooklyn 2, N. Y. 


TREASURER 

Mrs. George D. Barron 
Box 217 

Rye, N. Y. 


ASSISTANT TREASURER 
Mrs. Robert Hursh 
River Road, Silvermine 
Norwalk, Conn. 





